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(57) ABSTRACT

The present invention provides, for example, the following
compound:

@

NRZaRZb

wherein ring Z is pyridine or a carbocycle, each of which is
substituted or unsubstituted,

ring A is a carbocycle or a heterocycle, each of which is
substituted or unsubstituted,

R! is substituted or unsubstituted alkyl or the like,

R**, R**, R** and R** are each independently hydrogen or
substituted or unsubstituted alkyl or the like,

its pharmaceutically acceptable salt or a solvate thereof hav-
ing an effect of inhibiting amyloid § production, especially
a BACE] inhibitory activity, and useful as a medicament
for treating diseases induced by production, secretion or
deposition of amyloid f proteins.
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NAPHTHYRIDINE DERIVATIVE

TECHNICAL FIELD

[0001] The present invention relates to a compound having
an effect of inhibiting amyloid pf production and is useful as a
medicament for treating diseases induced by production,
secretion and/or deposition of amyloid [ proteins.

BACKGROUND ART

[0002] In the brains of patients with Alzheimer’s disease,
peptides each consisting of approximately 40 amino acids,
called amyloid f§ proteins, which widely accumulate outside
neurons to form insoluble plaques (senile plaques) are
observed. These senile plaques are considered to kill neurons
and cause the onset of Alzheimer’s disease, and therefore,
agents promoting degradation of amyloid f§ proteins and
amyloid p vaccines have been studied as therapeutic agents
for Alzheimer’s disease.

[0003] Secretases are enzymes which cleave a protein
called amyloid precursor protein (APP) within a cell and
generate an amyloid [} protein. An enzyme which produces
N-terminals of amyloid f proteins is called as BACE1 (beta-
site APP-cleaving enzyme 1, BACE1). It is considered that
production of amyloid [ proteins may be suppressed by
inhibiting this enzyme, and thus a substance with such an
effect can serve as a therapeutic agent for Alzheimer’s dis-
ease.

[0004] Patent Documents 1 and 8 to 19 disclose BACE 1
inhibitors but each of them has a structure different from
those of the compounds of the present invention.

[0005] Patent Documents 2 to 7 and Non-Patent Docu-
ments 1 to 3 disclose compounds having a structure similar to
those of the compounds of the present invention have NOS
inhibitory activity, HSP90 inhibitory activity or melanocortin
4receptor binding activity.

PRIOR ART

Patent Document

[0006] [Patent Document 1] WO2007/058583
[0007] [Patent Document 2] W02004/039404
[0008] [Patent Document 3] WO1997/038977
[0009] [Patent Document 4] W01999/018960
[0010] [Patent Document 5] WO2009/097578
[0011] [Patent Document 6] W02005/121100
[0012] [Patent Document 7] W0O2002/062766
[0013] [Patent Document 8] WO2007/049532
[0014] [Patent Document 9] W0O2008/133274
[0015] [Patent Document 10] W0O2008/133273
[0016] [Patent Document 11] WO2009/151098
[0017] [Patent Document 12] W02010/047372
[0018] [Patent Document 13] W02010/113848
[0019] [Patent Document 14] W02011/071057
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[0026] [Non-patent Document 2] Tetrahedron Letters, Vol.
39, No. 10, p. 1227-1230 (1998)

[0027] [Non-patent Document 3] Current Radiopharma-
ceuticals, Vol. 1, No. 2, p. 49-53 (2008)

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0028] The object of the present invention to provide novel
compounds which have an effect of inhibiting amyloid
production. Especially, the present invention provides novel
compounds which have a BACE1 inhibitory activity and a
pharmaceutical composition comprising them.

Means for Solving the Problem

[0029] This invention relates to:
(1) A compound of the formula (I):

[Chemical Formula 1]
@

NRZaRZb

wherein ring 7 is substituted or unsubstituted pyridine or a
substituted or unsubstituted carbocycle,

ring A is a substituted or unsubstituted carbocycle or a sub-
stituted or unsubstituted heterocycle,

provided that when ring Z is a substituted or unsubstituted
carbocycle, then ring A is

[Chemical Formula 2]

wherein ring A' and ring B are each independently a substi-
tuted or unsubstituted carbocycle or a substituted or unsub-
stituted heterocycle,

L' and L? are each independently a bond, substituted or
unsubstituted alkylene, substituted or unsubstituted alk-
enylene or substituted or unsubstituted alkynylene, and
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R®is hydrogen, substituted or unsubstituted alkyl, substituted
or unsubstituted alkenyl, substituted or unsubstituted alkynyl
or substituted or unsubstituted acyl,

R! is substituted or unsubstituted alkyl, substituted or unsub-
stituted alkenyl, substituted or unsubstituted alkynyl, substi-
tuted or unsubstituted acyl, cyano, carboxy, substituted or
unsubstituted alkoxycarbonyl, substituted or unsubstituted
alkenyloxycarbonyl, substituted or unsubstituted alkyny-
loxycarbonyl, substituted or unsubstituted carbamoyl, substi-
tuted or unsubstituted thiocarbamoyl, substituted or unsub-
stituted carbocyclyl or substituted or unsubstituted
heterocyclyl,

R>?and R are each independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted acyl, substi-
tuted or unsubstituted alkoxycarbonyl or substituted or
unsubstituted carbamoyl,

R* and R* are each independently hydrogen, halogen,
hydroxy, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubsti-
tuted alkenyloxy, substituted or unsubstituted alkynyloxy,
substituted or unsubstituted alkylthio, substituted or unsub-
stituted alkenylthio, substituted or unsubstituted alkynylthio,
substituted or unsubstituted acyl, substituted or unsubstituted
acyloxy, cyano, nitro, carboxy, substituted or unsubstituted
alkoxycarbonyl, substituted or unsubstituted alkenyloxycar-
bonyl, substituted or unsubstituted alkynyloxycarbonyl, sub-
stituted or unsubstituted amino, substituted or unsubstituted
carbamoyl, substituted or unsubstituted thiocarbamoyl, sub-
stituted or unsubstituted sulfamoyl, substituted or unsubsti-
tuted alkylsulfinyl, substituted or unsubstituted alkenylsulfi-
nyl, substituted or unsubstituted alkynylsulfinyl, substituted
or unsubstituted alkylsulfonyl, substituted or unsubstituted
alkenylsulfonyl, substituted or unsubstituted alkynylsulfo-
nyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted carbocyclyloxy, substituted or unsubstituted
carbocyclylthio, substituted or unsubstituted carbocyclyla-
lkyl, substituted or unsubstituted carbocyclylalkoxy, substi-
tuted or unsubstituted carbocyclyloxycarbonyl, substituted or
unsubstituted carbocyclylsulfinyl, substituted or unsubsti-
tuted carbocyclylsulfonyl, substituted or unsubstituted het-
erocyclyl, substituted or unsubstituted heterocyclyloxy, sub-
stituted or unsubstituted heterocyclylthio, substituted or
unsubstituted heterocyclylalkyl, substituted or unsubstituted
heterocyclylalkoxy, substituted or unsubstituted heterocycly-
loxycarbonyl, substituted or unsubstituted heterocyclylsulfi-
nyl or substituted or unsubstituted heterocyclylsulfonyl, and
R** and R*” together with the carbon atom to which they are
attached may form a substituted or unsubstituted carbocycle
or a substituted or unsubstituted heterocycle, its pharmaceu-
tically acceptable salt or a solvate thereof.

(2) The compound according to the above (1) wherein ring 7
is substituted or unsubstituted pyridine, its pharmaceutically
acceptable salt or a solvate thereof.

(3) The compound according to the above (1) or (2) wherein
ring A is

[Chemical Formula 3]
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-continued

wherein ring A' and ring B are each independently a substi-
tuted or unsubstituted carbocycle or a substituted or unsub-
stituted heterocycle,

L' and L? are each independently a bond, substituted or

unsubstituted alkylene, substituted or unsubstituted alk-
enylene or substituted or unsubstituted alkynylene,

R®is hydrogen, substituted or unsubstituted alkyl, substituted
or unsubstituted alkenyl, substituted or unsubstituted alkynyl
or substituted or unsubstituted acyl,

R? is hydrogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl or substituted or unsubstituted acyl, and

Ak is substituted or unsubstituted alkyl, substituted or unsub-
stituted alkenyl or substituted or unsubstituted alkynyl,

its pharmaceutically acceptable salt or a solvate thereof.

(4) The compound according to the above (3) wherein ring A
is

[Chemical Formula 4]

e}

A
/T

its pharmaceutically acceptable salt or a solvate thereof.

SR

ol
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(5) The compound according to the above (3) or (4) wherein
each of L' and L is a bond, its pharmaceutically acceptable
salt or a solvate thereof.

(6) The compound according to the above (3) or (4) wherein
ring A' is substituted or unsubstituted benzene or substituted
or unsubstituted pyridine, and ring B is substituted or unsub-
stituted pyridine, substituted or unsubstituted pyrimidine or
substituted or unsubstituted pyrazine, its pharmaceutically
acceptable salt or a solvate thereof.

(7) The compound according to any one of the above (1) to (6)
wherein R! is unsubstituted alkyl having a carbon number of
1 to 3, its pharmaceutically acceptable salt or a solvate
thereof.

(8) The compound according to the any one of the above (1)
to (7) wherein R?* and R are both hydrogen, its pharmaceu-
tically acceptable salt or a solvate thereof.

(9) A pharmaceutical composition comprising the compound
according to any one of the above (1) to (8), its pharmaceu-
tically acceptable salt or a solvate thereof.

(10) A pharmaceutical composition having BACE1 inhibi-
tory activity comprising the compound according to any one
of'the above (1) to (8), its pharmaceutically acceptable salt or
a solvate thereof.

(11) A method for treating or preventing diseases related to
BACE1 comprising administering the compound according
to any one of the above (1) to (8) or its pharmaceutically
acceptable salt thereof.

(12) Use of the compound according to any one of the above
(1) to (8) or its pharmaceutically acceptable salt thereof for
manufacturing a medicament for treating or preventing dis-
eases related to BACEL.

(13) A compound according to any one of the above (1) to (8)
orits pharmaceutically acceptable salt thereof for use in treat-
ing or preventing diseases related to BACEL.

(14) A method for inhibiting BACE1 activity comprising
administering the compound according to any one of the
above (1) to (8), its pharmaceutically acceptable salt or a
solvate thereof.

(15) A compound according to any one of the above (1) to (8),
its pharmaceutically acceptable salt or a solvate thereof for
use in a method for inhibiting BACE1 activity.

(16) The pharmaceutical composition according to the above
(9) or (10) which is a medicament for treating discases
induced by production, secretion or deposition of amyloid §
proteins.

(17) A method for treating diseases induced by production,
secretion or deposition of amyloid  proteins comprising
administering the compound according to any one of the
above (1) to (8), its pharmaceutically acceptable salt or a
solvate thereof.

(18) A compound according to any one of the above (1) to (8),
its pharmaceutically acceptable salt or a solvate thereof for
use in a method for treating diseases induced by production,
secretion or deposition of amyloid 3 proteins.

(19) The pharmaceutical composition according to the above
(9) or (10) which is a medicament for treating Alzheimer’s
disease.

(20) A method for treating Alzheimer’s disease comprising
administering the compound according to any one of the
above (1) to (8), its pharmaceutically acceptable salt or a
solvate thereof.

(21) The compound according to any one of the above (1) to
(8), its pharmaceutically acceptable salt or a solvate thereof
for use in treating Alzheimer’s disease.
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(22) A method, a system, an apparatus, a kit or the like for
manufacturing the compound according to any one of the
above (1) to (8).

(23) A method, a system, an apparatus, a kit or the like for
preparing the pharmaceutical composition comprising the
compound according to any one of the above (1) to (8), its
pharmaceutically acceptable salt or a solvate thereof.

(24) A method, a system, an apparatus, a kit or the like using
the compound according to any one of the above (1) to (8), its
pharmaceutically acceptable salt, or a solvate thereof.

Effect of the Invention

[0030] The compound of the present invention has BACE1
inhibitory activity and is useful as a medicament for treating
and/or preventing disease induced by production, secretion or
deposition of amyloid § protein such as Alzheimer’s disease.

MODE FOR CARRYING OUT THE INVENTION

[0031] Each meaning of terms used herein is described
below. In the present specification, unless otherwise noted,
each term is used in the same meaning when used alone or in
in combination with other words.

[0032] In the present specification, the term “halogen”
includes fluorine, chlorine, bromine, and iodine.

[0033] The halogen portions in “halogenoalkoxy”, “halo-
genoalkyl” and “halogenoalkoxycarbonyl” are the same as
the above “halogen”.

[0034] In the present specification, the term “alkyl”
includes linear or branched alkyl having a carbon number of
1to 15, for example, a carbon number of' 1 to 10, for example,
a carbon number of 1 to 6, and for example, a carbon number
of 1 to 3. Examples include methyl, ethyl, n-propyl, isopro-
pyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopen-
tyl, neopentyl, hexyl, isohexyl, n-heptyl, isoheptyl, n-octyl,
isooctyl, n-nonyl, and n-decyl.

[0035] The alkyl portions in “alkoxy”, “halogenoalkyl”,
“halogenoalkoxy”, “hydroxyalkoxy”, “alkoxycarbonyl”,
“halogenoalkoxycarbonyl”, “alkylamino”, “‘aminoalkyl”,
“alkoxyalkoxy”, “alkoxyalkenyloxy”, “alkylcarbamoyl”,
“hydroxyalkylcarbamoyl”, “alkoxyimino”, “alkylthio”,
“alkylsulfonyl”, “alkylsulfonylamino”, “alkylsulfonylalky-
lamino”,  “alkylsulfonylimino”,  “alkylsulfinylamino”,

“alkylsulfinylalkylamino™, “alkylsulfinylimino”, “alkylsul-
famoyl”, “alkylsulfinyl”, “carbocyclylalkyl”, “carbocyclyla-
lkoxy”, “carbocyclylalkoxycarbonyl”, “carbocyclylalky-
lamino”, “carbocyclylalkylcarbamoyl”, “cycloalkylalkyl”,
“cycloalkylalkoxy”, “cycloalkylalkylamino”, “cycloalkyla-
Ikoxycarbonyl”, “cycloalkylalkylcarbamoyl”, “arylalkyl”,
“arylalkoxy”, “arylalkylamino”, “arylalkoxycarbonyl”, “ary-
lalkylcarbamoyl”,  “heterocyclylalkyl”, “heterocyclyla-
lkoxy”, “heterocyclylalkylamino”, “heterocyclylalkoxycar-
bonyl”, and “heterocyclylalkylcarbamoyl” are the same as
the above “alkyl”.

[0036] “Substituted or unsubstituted alkyl” may be substi-
tuted with one or more substituents selected from a substitu-
ent group .

[0037] As used herein, the substituent group « is a group
consisting of halogen, hydroxy, alkoxy, halogenoalkoxy,
hydroxyalkoxy, alkoxyalkoxy, acyl, acyloxy, carboxy,
alkoxycarbonyl, amino, acylamino, alkylamino, imino,
hydroxyimino, alkoxyimino, alkylthio, carbamoyl, alkylcar-
bamoyl, hydroxyalkylcarbamoyl, sulfamoyl, alkylsulfamoyl,
alkylsulfinyl, alkylsulfonylamino, alkylsulfonylalkylamino,
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alkylsulfonylimino, alkylsulfinylamino, alkylsulfinylalky-
lamino, alkylsulfinylimino, cyano, nitro, carbocyclyl and het-
erocyclyl wherein each of the carbocycle and heterocycle
may be substituted with one or more substituents selected
from halogen, alkyl, hydroxy and alkoxy.

[0038] Examples of the substituent of “substituted or
unsubstituted alkoxy”, “substituted or unsubstituted alkoxy-
carbonyl”, “substituted or unsubstituted alkylthio”, “substi-
tuted or unsubstituted alkylsulfinyl” and “substituted or
unsubstituted alkylsulfonyl” are one or more substituents
selected from the substituent group .

[0039] Examples of “halogenoalkyl” are trifluoromethyl,
fluoromethyl and trichloromethyl.

[0040] The term “alkylidene” includes a divalent group of
the above “alkyl” and examples include methylidene, eth-
ylidene, propylidene, isopropylidene, butylidene, pentyl-
idene and hexylidene.

[0041] The term “alkenyl” includes linear or branched alk-
enyl having a carbon number of 2 to 15, for example, a carbon
number of 2to 10, for example, a carbon number of 2 to 6, and
for example, a carbon number of 2 to 4, having one or more
double bonds at any position. Examples include vinyl, allyl,
propenyl, isopropenyl, butenyl, isobutenyl, prenyl, butadi-
enyl, pentenyl, isopentenyl, pentadienyl, hexenyl, isohex-
enyl, hexadienyl, heptenyl, octenyl, nonenyl, decenyl, unde-
cenyl, dodecenyl, tridecenyl, tetradecenyl and pentadecenyl.
[0042] The term “alkynyl” includes linear or branched
alkynyl having a carbon number of 2 to 10, for example, a
carbon number of 2 to 8, for example, a carbon number 3 to 6,
having one or more triple bonds at any position. Examples
include ethynyl, propynyl, butynyl, pentynyl, hexynyl, hep-
tynyl, octynyl, nonynyl and decynyl. These may have further
a double bond at any position.

[0043] The alkenyl portions in “alkenyloxy”, “alkenyloxy-
carbonyl”, “alkoxyalkenyloxy”, “alkenylthio”, “alkenylsulfi-
nyl”, “alkenylsulfonyl” and “alkenylamino” are the same as
the above “alkenyl.”

[0044] The alkynyl portions in “alkynyloxy”, “alkynyloxy-
carbonyl”, “alkoxyalkynyloxy”, “alkynylthio”, “alkyny-
lamino”, “alkynylsulfiny]” and “alkynylsulfonyl” are the
same as the above “alkynyl.”

[0045] Examples of the substituent of “substituted or
unsubstituted alkenyl”, “substituted or unsubstituted alkeny-
loxy”, “substituted or unsubstituted alkenylthio”, “substi-
tuted or unsubstituted alkenyloxycarbonyl”, “substituted or
unsubstituted alkenylsulfinyl”, “substituted or unsubstituted
alkenylsulfonyl”, “substituted or unsubstituted alkynyl”,
“substituted or unsubstituted alkynyloxy”, “substituted or
unsubstituted alkynyloxycarbonyl”, “substituted or unsubsti-
tuted alkynylthio”, “substituted or unsubstituted alkynylsulfi-
nyl” and “substituted or unsubstituted alkynylsulfonyl” are
one or more substituents selected form the substituent group
a.

[0046] Examples of “substituted or unsubstituted alkenyl”
and “substituted or unsubstituted alkynyl” as Ak are one or
more substituents selected form halogen, hydroxy, alkoxy,
halogenoalkoxy, hydroxyalkoxy, alkoxyalkoxy, acyl, acy-
loxy, carboxy, alkoxycarbonyl, amino, acylamino, alky-
lamino, imino, hydroxyimino, alkoxyimino, alkylthio, car-
bamoyl, alkylcarbamoyl, hydroxyalkylcarbamoyl,
sulfamoyl, alkylsulfamoyl, alkylsulfinyl, alkylsulfony-
lamino, alkylsulfonylalkylamino, alkylsulfonylimino, alkyl-
sulfinylamino, alkylsulfinylalkylamino, alkylsulfinylimino,
cyano and nitro.

2 <
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[0047] Specific examples are one or more substituents
selected from halogen, hydroxy, alkoxy, halogenoalkoxy,
hydroxyalkoxy, acyl, acyloxy, carboxy, alkoxycarbonyl,
amino, acylamino, alkylamino, alkylthio, carbamoyl, alkyl-
carbamoyl, cyano and nitro. More specific example is alkoxy.
[0048] Examples of the substituents of “substituted or
unsubstituted amino”, “substituted or unsubstituted carbam-
oyl”, “substituted or unsubstituted thiocarbamoyl” and “sub-
stituted or unsubstituted sulfamoyl” are 1 or 2 substituents
selected from alkyl, acyl, hydroxy, alkoxy, alkoxycarbonyl,
carbocyclyl and heterocyclyl.

[0049] The term “acyl” includes formyl, alkylcarbonyl,
alkenylcarbonyl, alkynylcarbonyl, carbocyclylcarbonyl, and
heterocyclylcarbonyl. Examples are formyl, acetyl, propio-
nyl, butyryl, isobutyryl, valeryl, pivaloyl, hexanoyl, acryloyl,
propioloyl, methacryloyl, crotonoyl, benzoyl, cyclohexan-
ecarbonyl, pyridinecarbonyl, furancarbonyl, thiophenecar-
bonyl, benzothiazolecarbonyl, pyrazinecarbonyl, piperidin-
ecarbonyl and thiomorpholino.

[0050] The acyl portions in “acyloxy” and “acylamino” are
the same as the above “acyl”.

[0051] Examples of the substituents of “substituted or
unsubstituted acyl” and “substituted or unsubstituted acy-
loxy” are one or more substituents selected from the substitu-
ent group o. The ring portions of carbocyclylcarbonyl and
heterocyclylcarbonyl may be substituted with one or more
substituents selected from alkyl, the substituent group a, and
alkyl substituted with one or more substituents selected from
the substituent group .

[0052] The term “carbocyclyl” includes cycloalkyl,
cycloalkenyl, aryl and non-aromatic fused carbocyclyl.
[0053] The term “cycloalkyl” includes carbocyclyl having
a carbon number of 3 to 10, for example, a carbon number of
310 8, and for example, a carbon number 4 to 8. Examples are
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep-
tyl, cyclooctyl, cyclononyl and cyclodecyl.

[0054] The cycloalkyl portions in “cycloalkylalkyl”,
“cycloalkyloxy”, “cycloalkylalkoxy”, “cycloalkylthio”,
“cycloalkylamino”, “cycloalkylalkylamino”, “cycloalkylsul-
famoyl”, “cycloalkylsulfonyl”, “cycloalkylcarbamoyl”,
“cycloalkylalkylcarbamoyl”, “cycloalkylalkoxycarbonyl”
and “cycloalkyloxycarbonyl” are the same as the above
“cycloalkyl.”

[0055] The term “cycloalkenyl” includes a group having
one or more double bonds at any position in the ring of the
above “cycloalkyl”. Examples are cyclopropenyl, cyclobute-
nyl, cyclopentenyl, cyclohexenyl, cycloheptynyl, cycloocty-
nyl and cyclohexadienyl.

[0056] The term “aryl” includes phenyl, naphthyl, anthryl
and phenanthryl. Specific example is phenyl.

[0057] The term ‘“non-aromatic fused carbocyclyl”
includes non-aromatic groups wherein two or more rings
selected from the above “cycloalkyl”, “cycloalkenyl” and
“aryl” are fused. Examples are indanyl, indenyl, tetrahy-
dronaphthyl and fluorenyl.

[0058] The term “carbocycle” as ring 7 includes 1) an aro-
matic carbocycle, cycloalkene wherein a ring bond fused with
a dihydropyridine ring is a double bond, and a non-aromatic
fused carbocycle wherein a ring bond fused with a dihydro-
pyridine ring is a double bond.

[0059] Examples of the “aromatic carbocycle” are ben-
zene, naphthalene, anthracene, and phenanthrene.

[0060] The term “cycloalkene” includes a ring having a
carbon number of 3 to 10, for example, a carbon number of 3
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to 8, and for example a carbon number of 4 to 8 and having
one or more double bonds at any position in the carbocycle.
Examples are cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cycloheptene, cyclooctene and cyclohexadiene.
[0061] The term “non-aromatic fused carbocycle” includes
non-aromatic rings wherein two or more rings selected from
the “cycloalkane”, “cycloalkene” and “aromatic carbocycle”
are fused and wherein a ring bond fused with a dihydropyri-
dine ring is a double bond.

[0062] The term “cycloalkane” includes cyclopropane,
cyclobutane, cyclopentane, cyclohexane, cycloheptane,
cyclooctane, cyclononane and cyclodecane.

[0063] One embodiment of a carbocycle as ring Z is ben-
zene.
[0064] The term “carbocycle” as other than ring 7 includes

the above cycloalkane, cycloalkene, an aromatic carbocycle
and a non-aromatic carbocycle.

[0065] The carbocycle portions in “carbocyclyloxy”, “car-
bocyclylalkyl”, “carbocyclylalkoxy”, “carbocyclylalkoxy-
carbonyl”, “carbocyclylthio”, “carbocyclylamino”, “car-
bocyclylalkylamino™, “carbocyclylcarbonyl”,
“carbocyclylsulfamoyl”, “carbocyclylsulfinyl”, “carbocy-
clylsulfonyl”, “carbocyclylcarbamoyl”, “carbocyclylalkyl-
carbamoyl” and “carbocyclyloxycarbonyl” are the same as
the above “carbocyclyl”.

[0066] The aryl portions in “arylalkyl”, “aryloxy”, “ary-
loxycarbonyl”, “arylalkoxycarbonyl”, “arylthio”, “ary-
lamino”, “arylalkoxy”, “arylalkylamino”, “arylsulfonyl”,
“arylsulfamoyl”, “arylcarbamoyl” and “arylalkylcarbamoyl”
are the same as the above “aryl”.

[0067] The term “heterocyclyl” includes a heterocyclic
group comprising one or more rings and having one or more
same or different hetero atoms arbitrarily selected from O, S,
and N in the ring. Specific examples are 5- or 6-membered
heteroaryl such as pyrrolyl, imidazolyl, pyrazolyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazolyl, triazinyl, tetra-
zolyl, furyl, thienyl, isoxazolyl, oxazolyl, oxadiazolyl,
isothiazolyl, thiazolyl, and thiadiazolyl;

non-aromatic heterocyclyl such as dioxanyl, thiiranyl, oxira-
nyl, oxetanyl, oxathiolanyl, azetidinyl, thianyl, thiazolidinyl,
pyrrolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyra-
zolidinyl, pyrazolinyl, piperidyl, piperazinyl, morpholinyl,
morpholino, thiomorpholinyl, thiomorpholino, dihydropy-
ridyl, tetrahydropyridyl, tetrahydrofuryl, tetrahydropyranyl,
dihydrothiazolyl, tetrahydrothiazolyl, tetrahydroisothiaz-
olyl, dihydrooxazinyl, hexahydropyrimidinyl, hexahy-
droazepinyl, tetrahydrodiazepinyl, tetrahydropyridazinyl,
dioxolanyl, dioxazinyl, aziridinyl, dioxolinyl, oxepanyl, thi-
olanyl, thiinyl, and thiazinyl;

fused bicyclic heterocyclyl such as indolyl, isoindolyl, inda-
zolyl, indolizinyl, indolinyl, isoindolinyl, quinolyl, iso-
quinolyl, cinnolinyl, phthalazinyl, quinazolinyl, naphthyridi-
nyl, quinoxalinyl, purinyl, pteridinyl, benzopyranyl,
benzimidazolyl, benzotriazolyl, benzisoxazolyl, benzox-
azolyl, benzoxadiazolyl, benzisothiazolyl, benzothiazolyl,
benzothiadiazolyl, benzofuryl, isobenzofuryl, benzothienyl,
benzotriazolyl, thienopyridyl, thienopyrrolyl, thienopyra-
zolyl, thienopyrazinyl, furopyrrolyl, thienothienyl, imida-
zopyridyl, imidazopyrazolyl, pyrazolopyridyl, pyrazolopy-
razinyl, thiazolopyridyl, pyrazolopyrimidinyl,
pyrazolotriazinyl, pyridazolopyridyl, triazolopyridyl, imida-
zothiazolyl, pyrazinopyridazinyl, dihydrothiazolopyrimidi-
nyl, tetrahydroquinolyl, tetrahydroisoquinolyl, dihydroben-
zofuryl, dihydrobenzoxazinyl, dihydrobenzimidazolyl,



US 2013/0217705 Al

tetrahydrobenzothienyl, tetrahydrobenzofuryl, benzodiox-
olyl, benzodioxonyl, chromanyl, chromenyl, octahydro-
chromenyl, dihydrobenzodioxinyl, dihydrobenzoxezinyl,
dihydrobenzodioxepinyl, and dihydrothienodioxinyl; fused
tricyclic heterocyclyl such as carbazolyl, acridinyl, xanthe-
nyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, dibenzo-
furyl, imidazoquinolyl, and tetrahydrocarbazolyl. Specific
examples are 5- or 6-membered heteroaryl and non-aromatic
heterocyclyl.

[0068] The heterocycle portions in “heterocycle”, “hetero-
cyclylalkyl”, “heterocyclyloxy”, “heterocyclylthio”, “het-
erocyclylcarbonyl”, “heterocyclyloxycarbonyl”, “heterocy-
clylalkoxy”, “heterocyclylamino”, “heterocyclylsulfamoyl”,
“heterocyclylsulfinyl”, “heterocyclylsulfonyl”, “heterocy-
clylcarbamoyl”, “heterocyclyloxycarbonyl”, “heterocyclyla-
lkylamino”, “heterocyclylalkoxycarbonyl” and “heterocy-
clylalkylcarbamoyl” are the same as the above
“heterocyclyl”.

[0069] A bond ofthe above “heterocyclyl” may be situated
on any ring.

[0070] The term ‘“heteroaryl” includes aromatic cyclic
groups among the above “heterocyclyl.”

[0071] In the present specification, examples of “ring A”
are groups of the following formulas:

[Chemical Formula 5]
)

3 LZ

1
L\WZ/L\H/
e w!
1 3 2
L\H/L\ Wz/L
e w!
L L3 L3 L2
e Wl
1 2
L\WZ/L °

w! °

(if)

(iif)

(i)

i)
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(vii)

-continued
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)]\/L

o

RS °

wherein ring A' and ring B are each independently a substi-
tuted or unsubstituted carbocycle or a substituted or unsub-
stituted heterocycle,

L', L? and L? are each independently a bond, substituted or
unsubstituted alkylene, substituted or unsubstituted alk-
enylene or substituted or unsubstituted alkynylene, —W* is
:O, —Sor :NRQ,

(viii)

(%)

W?is O, S or NRB,

[0072] R?® is hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl or substituted or unsubstituted acyl,

R? is hydrogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl or substituted or unsubstituted acyl,

Ak is substituted or unsubstituted alkyl, substituted or unsub-
stituted alkenyl or substituted or unsubstituted alkynyl,
when ring A is (i), then the constituent carbon atom of L' and
the constituent carbon atom of L2, or the nitrogen atom of W2
and the constituent carbon atom of L* may be connected with
substituted or unsubstituted alkylene to form a ring,

when ring A is (ii), then the constituent carbon atom of L' and
the constituent carbon atom of L?, or the constituent carbon
atom of L' and the nitrogen atom of W? may be connected
with substituted or unsubstituted alkylene to form a ring,
when ring A is (iii), then two nitrogen atoms of W* may be
connected with substituted or unsubstituted alkylene to form
aring,

when ring A is (vi), then the constituent carbon atom of L' and
the constituent carbon atom of L.? may be connected by sub-
stituted or unsubstituted alkylene to form a ring, p is 1 or 2,
and

when multiple L?, multiple W2, multiple R® or multiple R'*
are present, each of them may be independently different.
[0073] Specific examples are as follows:

[Chemical Formula 6]

o]
)J\LZ
RO

RS
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[Chemical Formula 7]
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-continued

wherein [ is each independently a bond, substituted or unsub-
stituted alkylene, substituted or unsubstituted alkenylene or
substituted or unsubstituted alkynylene, ring T is a 5- or
6-membered ring optionally substituted with one or more
substituents selected from the substituent group o and other
symbols are the same as defined above.

[0074] More specific examples are as follows:

Oy ot
Ir

Ir
™

o
N

**o}%
rr%

rrﬁ
oY o

[Chemical Formula 8]

z—

O
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wherein each symbol is the same as defined above,

[Chemical Formula 9]
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-continued

wherein each symbol is the same as defined above.

[0075] Other examples of the substituent of “substituted or
unsubstituted carbocycle”, “substituted or unsubstituted het-
erocycle”, “substituted or unsubstituted benzene”, “substi-
tuted or unsubstituted pyrldlne” “substituted or unsubsti-
tuted pyrimidine”, and “substituted or unsubstituted
pyrazine” as ring A and ring B include:

a group selected from the substituent group a such as halo-
gen, hydroxy, alkoxy, acyl, acyloxy, carboxy, alkoxycarbo-
nyl, carbamoyl, amino, cyano, alkylamino and/or alkylthio;
alkyl substituted with one or more substituents selected from
the substituent group ., hydroxyimino and alkoxyimino,
wherein the substituent is, for example, halogen, hydroxy,
alkoxy and/or alkoxycarbonyl; or unsubstituted alkyl;
aminoalkyl substituted with one or more substituents selected
from the substituent group o; wherein the substituent is, for
example, acyl, alkyl and/or alkoxy; alkenyl substituted with
one or more substituents selected from the substituent group
a, wherein the substituent is, for example, alkoxycarbonyl,
halogen, and/or halogenoalkoxycarbonyl; or unsubstituted
alkenyl;

alkynyl substituted with one or more substituents selected
from the substituent group o, wherein the substituent is, for
example, alkoxycarbonyl; or unsubstituted alkynyl; alkoxy
substituted with one or more substituents selected from the
substituent group a, wherein the substituent is, for example,
halogen, carbamoyl, alkylcarbamoyl and/or hydroxyalkyl-
carbamoyl;

alkoxyalkoxy substituted with one or more substituents
selected from the substituent group a; alkenyloxy substituted
with one or more substituents selected from the substituent
group o, wherein the substituent is, for example, halogen,
hydroxy, amino and/or alkylamino; or unsubstituted alkeny-
loxy;

alkoxyalkenyloxy substituted with one or more substituents
selected from the substituent group a;

alkynyloxy substituted with one or more substituents selected
from the substituent group o, wherein the substituent is, for
example, halogen and/or hydroxy; or unsubstituted alkyny-
loxy;

alkoxyalkynyloxy substituted with one or more substituents
selected from the substituent group a;

alkylthio substituted with one or more substituents selected
from the substituent group «; or unsubstituted alkylthio;
alkenylthio substituted with one or more substituents selected
from the substituent group «; or unsubstituted alkenylthio;
alkynylthio substituted with one or more substituents selected
from the substituent group «; or unsubstituted alkynylthio;
alkylamino substituted with one or more substituents selected
from the substituent group o;

alkenylamino substituted with one or more substituents
selected from the substituent group a;

alkynylamino substituted with one or more substituents
selected from the substituent group a;
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aminooxy substituted with one or more substituents selected
from the substituent group o and alkylidene; or unsubstituted
aminooxy;

acyl substituted with one or more substituents selected from
the substituent group a;

alkylsulfonyl substituted with one or more substituents
selected from the substituent group «; or unsubstituted alkyl-
sulfonyl;

alkylsulfiny]l substituted with one or more substituents
selected from the substituent group «; or unsubstituted alkyl-
sulfinyl;

alkylsulfamoyl substituted with one or more substituents
selected from the substituent group a;

carbocyclyl such as cycloalkyl and aryl, substituted with one
or more substituents selected from the substituent group o,
azide, alkyl and halogenoalkyl;

heterocyclyl substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl;

carbocyclylalkyl such as cycloalkylalkyl and arylalkyl, sub-
stituted with one or more substituents selected from the sub-
stituent group a, azide, alkyl and halogenoalkyl; or unsubsti-
tuted carbocyclylalkyl,

heterocyclylalkyl substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted heterocyclylalkyl;
carbocyclyloxy such as cycloalkyloxy and aryloxy, substi-
tuted with one or more substituents selected from the sub-
stituent group a, azide, alkyl and halogenoalkyl; or unsubsti-
tuted carbocyclyloxy such as cycloalkyloxy and aryloxy;
heterocyclyloxy substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted heterocyclyloxy; carbocyclyla-
Ikoxy such as cycloalkylalkoxy and arylalkoxy, substituted
with one or more substituents selected from the substituent
group o, azide, alkyl and halogenoalkyl; or unsubstituted
carbocyclylalkoxy such as cycloalkylalkoxy and arylalkoxy;
heterocyclylalkoxy substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted heterocyclylalkoxy;
carbocyclylalkoxycarbonyl such as cycloalkylalkoxycarbo-
nyl and arylalkoxycarbonyl, substituted with one or more
substituents selected from the substituent group ., azide,
alkyl and halogenoalkyl; or unsubstituted carbocyclylalkoxy-
carbonyl such as cycloalkylalkoxycarbonyl and arylalkoxy-
carbonyl;

heterocyclylalkoxycarbonyl substituted with one or more
substituents selected from the substituent group ., azide,
alkyl and halogenoalkyl; or unsubstituted heterocyclyla-
Ikoxycarbonyl;

carbocyclylthio such as cycloalkylthio and arylthio, substi-
tuted with one or more substituents selected from the sub-
stituent group a, azide, alkyl and halogenoalkyl; or unsubsti-
tuted carbocyclylthio such as cycloalkylthio and arylthio;
heterocyclylthio substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted heterocyclylthio; carbocycly-
lamino such as cycloalkylamino and arylamino, substituted
with one or more substituents selected from the substituent
group o, azide, alkyl and halogenoalkyl; or unsubstituted
carbocyclylamino such as cycloalkylamino and arylamino;
heterocyclylamino substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted heterocyclylamino;
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carbocyclylalkylamino such as cycloalkylalkylamino and
arylalkylamino, substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted carbocyclylalkylamino such as
cycloalkylalkylamino and arylalkylamino;
heterocyclylalkylamino substituted with one or more sub-
stituents selected from the substituent group ., azide, alkyl
and halogenoalkyl; or unsubstituted heterocyclylalkylamino;
carbocyclylsulfamoyl such as cycloalkylsulfamoyl and aryl-
sulfamoyl, substituted with one or more substituents selected
from the substituent group a., azide, alkyl and halogenoalkyl;
or unsubstituted carbocyclylsulfamoyl;
heterocyclylsultamoyl substituted with one or more substitu-
ents selected from the substituent group c, azide, alkyl and
halogenoalkyl; or unsubstituted heterocyclylsulfamoyl;
carbocyclylsulfonyl such as cycloalkylsulfonyl and arylsul-
fonyl, substituted with one or more substituents selected from
the substituent group a, azide, alkyl and halogenoalkyl; or
unsubstituted carbocyclylsulfonyl such as cycloalkylsulfonyl
and arylsulfonyl;

heterocyclylsulfonyl substituted with one or more substitu-
ents selected from the substituent group c, azide, alkyl and
halogenoalkyl; or unsubstituted heterocyclylsulfonyl;
carbocyclylcarbamoyl such as cycloalkylcarbamoyl and aryl-
carbamoyl, substituted with one or more substituents selected
from the substituent group a., azide, alkyl and halogenoalkyl;
or unsubstituted carbocyclylcarbamoyl such as cycloalkyl-
carbamoyl and arylcarbamoyl;

heterocyclylcarbamoyl substituted with one or more substitu-
ents selected from the substituent group c, azide, alkyl and
halogenoalkyl; or unsubstituted heterocyclylcarbamoyl;
carbocyclylalkylcarbamoyl such as cycloalkylalkylcarbam-
oyl and arylalkylcarbamoyl, substituted with one or more
substituents selected from the substituent group ., azide,
alkyl and halogenoalkyl; or unsubstituted carbocyclylalkyl-
carbamoyl such as cycloalkylalkylcarbamoyl and arylalkyl-
carbamoyl;

heterocyclylalkylcarbamoyl substituted with one or more
substituents selected from the substituent group ., azide,
alkyl and halogenoalkyl; or unsubstituted heterocyclylalkyl-
carbamoyl;

carbocyclyloxycarbonyl such as cycloalkyloxycarbonyl and
aryloxycarbonyl, substituted with one or more substituents
selected from the substituent group a, azide, alkyl and halo-
genoalkyl; or unsubstituted carbocyclyloxycarbonyl such as
cycloalkyloxycarbonyl and aryloxycarbonyl;
heterocyclyloxycarbonyl substituted with one or more sub-
stituents selected from the substituent group ., azide, alkyl
and halogenoalkyl; or unsubstituted heterocyclyloxycarbo-
nyl;

alkylenedioxy substituted with halogen; or unsubstituted
alkylenedioxy; oxo; and

azido.

[0076] The aforementioned ring of ring A and ring B each
may be substituted with one or more substituents selected
from the above substituents.

[0077] Examples of the substituent of “a substituted or
unsubstituted carbocycle”, “substituted or unsubstituted ben-
zene”, “a substituted or unsubstituted heterocycle”, “substi-
tuted or unsubstituted pyridine”, “substituted or unsubsti-
tuted pyrimidine” and “substituted or unsubstituted pyrazine”
as ring A' and ring B include one or more selected from
halogen, cyano, hydroxy, nitro, carboxy, alkyl substituted
with one or more substituents selected from the substituent
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group c, unsubstituted alkyl, alkoxy substituted with one or
more substituents selected from the substituent group .,
unsubstituted alkoxy, amino substituted with one or more
substituents selected from the substituent group o, unsubsti-
tuted amino, carbamoyl substituted with one or more sub-
stituents selected from the substituent group o, unsubstituted
carbamoyl, alkoxycarbony! substituted with one or more sub-
stituents selected from the substituent group «., and unsubsti-
tuted alkoxycarbonyl.

[0078] Examples of the substituent of “a substituted or

29 <

unsubstituted carbocycle”, “substituted or unsubstituted ben-
zene”, “a substituted or unsubstituted heterocycle” and “sub-
stituted or unsubstituted pyridine” as ring A' include one or
more substituents selected from halogen, hydroxy, alkyl, alk-
enyl, alkynyl, alkoxy, alkenyloxy, alkynyloxy, acyl, carboxy,
alkoxycarbonyl, amino and cyano.

[0079] Specific example is halogen.

[0080] Examples of the substituent of “a substituted or

29 <

unsubstituted carbocycle”, “substituted or unsubstituted ben-
zene”, “a substituted or unsubstituted heterocycle”, “substi-
tuted or unsubstituted pyridine”, “substituted or unsubsti-
tuted pyrimidine” and “substituted or unsubstituted pyrazine”
as ring B are one or more substituents selected from halogen,
alkyl, alkenyl, alkynyl, alkoxy, alkenyloxy, alkynyloxy and
cyano.

[0081] Examples of the substituent of “substituted or
unsubstituted pyridine” and “a substituted or unsubstituted
carbocycle” as ring 7 are one or more substituents selected
from halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl, substituted or unsubstituted alkoxy, substituted
or unsubstituted alkenyloxy, substituted or unsubstituted
alkynyloxy, substituted or unsubstituted alkylthio, substi-
tuted or unsubstituted alkenylthio, substituted or unsubsti-
tuted alkynylthio, substituted or unsubstituted acyl, substi-
tuted or unsubstituted acyloxy, cyano, nitro, carboxy,
substituted or unsubstituted alkoxycarbonyl, substituted or
unsubstituted alkenyloxycarbonyl, substituted or unsubsti-
tuted alkynyloxycarbonyl, substituted or unsubstituted
amino, substituted or unsubstituted carbamoyl, substituted or
unsubstituted thiocarbamoyl, substituted or unsubstituted
sulfamoyl, substituted or unsubstituted alkylsulfinyl, substi-
tuted or unsubstituted alkenylsulfinyl, substituted or unsub-
stituted alkynylsulfinyl, substituted or unsubstituted alkylsul-
fonyl, substituted or unsubstituted alkenylsulfonyl,
substituted or unsubstituted alkynylsulfonyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted car-
bocyclyloxy, substituted or unsubstituted carbocyclylthio,
substituted or unsubstituted carbocyclylalkyl, substituted or
unsubstituted carbocyclylalkoxy, substituted or unsubstituted
carbocyclyloxycarbonyl, substituted or unsubstituted car-
bocyclylsulfinyl, substituted or unsubstituted carbocyclylsul-
fonyl, substituted or unsubstituted heterocyclyl, substituted
or unsubstituted heterocyclyloxy, substituted or unsubsti-
tuted heterocyclylthio, substituted or unsubstituted heterocy-
clylalkyl, substituted or unsubstituted heterocyclylalkoxy,
substituted or unsubstituted heterocyclyloxycarbonyl, substi-
tuted or unsubstituted heterocyclylsulfinyl and substituted or
unsubstituted heterocyclylsulfonyl.

[0082] Examples of the substituent of “substituted or
unsubstituted carbocyclyl”, “substituted or unsubstituted het-
erocyclyl”, “substituted or unsubstituted carbocyclylalkyl”,
“substituted or unsubstituted carbocyclylalkoxy”, “substi-
tuted or unsubstituted carbocyclyloxy”, “substituted or
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unsubstituted carbocyclylthio”, “substituted or unsubstituted
carbocyclyloxycarbonyl”, “substituted or unsubstituted car-
bocyclylsulfinyl”, “substituted or unsubstituted carbocyclyl-
sulfonyl”, “substituted or unsubstituted heterocyclyloxy”,
“substituted or unsubstituted heterocyclylthio”, “substituted
or unsubstituted heterocyclyloxycarbonyl”, “substituted or
unsubstituted heterocyclylsulfinyl”, “substituted or unsubsti-
tuted heterocyclylsulfonyl”, “a substituted or unsubstituted
carbocycle” and “a substituted or unsubstituted heterocycle”
as other than the above ring A, ring A', ring B and ring Z are
one or more substituents selected from alkyl substituted with
one or more substituents selected from the substituent group
a, unsubstituted alkyl and the substituent group .

[0083] The term “alkylene” includes a linear or branched
divalent carbon chain having a carbon number of 1 to 10, for
example, a carbon number of 1 to 6, or a carbon number of 1
to 3. Examples include methylene, dimethylene, trimethyl-
ene, tetramethylene, and methyltrimethylene.

[0084] The alkylene portion in “alkylenedioxy” is the same
as the above “alkylene.”

[0085] The term “alkenylene” includes a linear or branched
divalent carbon chain having a carbon number of 2 to 10, for
example, a carbon number of 2 to 6, or a carbon number of 2
to 4, having a double bond at any position. Examples include
vinylene, propenylene, butenylene, butadienylene, methyl-
propenylene, pentenylene and hexenylene.

[0086] Theterm “alkynylene” includes alinear or branched
divalent carbon chain having a carbon number of 2 to 10, for
example, a carbon number of 2 to 6, or a carbon number of 2
to 4, having a triple bond at any position and, further, option-
ally having a double bond. Examples include ethynylene,
propynylene, butynylene, pentynylene and hexynylene.

[0087] Examples of the substituents of “substituted or
unsubstituted alkylene”, “substituted or unsubstituted alk-
enylene” and “substituted or unsubstituted alkynylene”
include one or more substituents selected from the substituent
group «, and specific examples are halogen and hydroxy.

[0088] The phrase “R** and R* together with the carbon
atom to which they are attached may form a substituted or
unsubstituted carbocycle or a substituted or unsubstituted
heterocycle” includes

[Chemical Formula 10]
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[0089] These are optionally substituted with one or more

substituents selected from unsubstituted alkyl, the substituent
group o and alkyl substituted with one or more selected from
the substituent group o at any position.

[0090] The compound of the formula (I) is not limited to a
specific isomer, and includes all possible isomers such as
keto-enol isomers, imine-enamine isomers, diastereoiso-
mers, optical isomers and rotation isomers, racemate and the
mixture thereof. For example, the compound of the formula
(I) wherein R?#is hydrogen includes the following tautomers.

]
a NHR2? a NR2b
7 =4
R4a | R4a |
N NH
R R%
Ok OF

[0091] The compound of the formula (I) has an asymmetric
carbon atom and includes the following optical isomers.

[Chemical Formula 11

_—

12
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[Chemical Formula 12]

NRZaRZb

[0092] Preferable isomer is as follows.
[Chemical Formula 13]
NRZaRZb
[0093] The optical isomer of the compound of the formula

(D) can be obtained by known methods such as chiral chro-
matography or diastereomer salt formation using an optical
active acid or base.

[0094] The compounds of the formulas (Ia) to (Ie) men-
tioned below also include similar tautomers.

[0095] One or more hydrogens, carbons and/or other atoms
of the compound of the formula (I) can be replaced by iso-
topes of the hydrogens, carbons and/or other atoms.
Examples of isotopes include ones of hydrogen, carbon,
nitrogen, oxygen, phosphorous, sulfur, fluorine, iodine and
chlorine, such as 2H, 3H, *'C, 13C, *4C, 1°N, 20, 170, 3'P, 32P,
338, 18F, I and *°Cl, respectively. The compound of the
formula (I) also includes the compound replaced by such
isotopes. The compound replaced by such isotopes is useful
also as a medicament, and includes all the radiolabeled com-
pounds of the compound of the formula (I). The invention
includes “radiolabelling method” for manufacturing the
“radiolabeled compound” and the method is useful as atool of
metabolic pharmacokinetic research, the research in binding
assay and/or diagnosis.

[0096] Radiolabeled compounds of the compound of the
formula (I) can be prepared by methods known in the art. For
example, tritiated compounds of the formula (I) can be pre-
pared by introducing tritium into the particular compound of
the formula (I) such as by catalytic dehalogenation with tri-
tium. This method may include reacting a suitably halogen-
substituted precursor of the compound of the formula (I) with
tritium gas in the presence of a suitable catalyst such as Pd/C,
in the presence or absence of a base. Other suitable methods
for preparing tritiated compounds can be found in Isotopes in
the Physical and Biomedical Sciences, Vol. 1, Labeled Com-
pounds (Part A), Chapter 6 (1987). **C-labeled compounds
can be prepared by employing starting materials having a **C
carbon.
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[0097] As pharmaceutically acceptable salt of the com-
pound of the formula (I), examples include salts with alkaline
metals (e.g. lithium, sodium and potassium), alkaline earth
metals (e.g. calcium and barium), magnesium, transition
metal (e.g. zinc and iron), ammonia, organic bases (e.g. tri-
methylamine, triethylamine, dicyclohexylamine, ethanola-
mine, diethanolamine, triethanolamine, meglumine, dietha-
nolamine, ethylenediamine, pyridine, picoline, quinoline),
and amino acids, and salts with inorganic acids (e.g. hydro-
chloric acid, sulfuric acid, nitric acid, carbonic acid, hydro-
bromic acid, phosphoric acid and hydroiodic acid) and
organic acids (e.g. formic acid, acetic acid, propionic acid,
trifluoroacetic acid, citric acid, lactic acid, tartaric acid, oxalic
acid, maleic acid, fumaric acid, mandelic acid, glutaric acid,
malic acid, benzoic acid, phthalic acid, ascorbic acid, benze-
nesulfonic acid, p-toluenesulfonic acid, methanesulfonic
acid and ethanesulfonic acid). Specific examples are salts
with hydrochloric acid, sulfuric acid, phosphoric acid, tar-
taric acid, or methanesulfonic acid. These salts may be
formed by usual methods.

[0098] The compound of the formula (I) or its pharmaceu-
tically acceptable salt may form solvate such as hydrate,
and/or crystalline polymorphism, and the present invention
also includes such various kinds of solvate and crystalline
polymorphism. The “solvate” includes a compound of the
formula (I) which coordinate arbitrary number of solvent
molecules such as water molecules. The compound of the
formula (I) or its pharmaceutically acceptable salt can adhere
water or form hydrate by absorbing water molecules after
leaving in the atmosphere. Moreover, the compound of the
formula (I) or its pharmaceutically acceptable salt can form
the crystalline polymorphism by recrystallization.

[0099] The compound of the formula (I) of the present
invention or its pharmaceutically acceptable salt may form
prodrug, and the present invention also includes such various
kinds of prodrug. Prodrug is a derivative of the compound of
the present invention having a group which can be chemically
or metabolically decomposed and the one which becomes a
pharmaceutically active compound of the present invention
by solvolysis or physiological conditions in vivo. Prodrug
includes a compound which converts into the compound of
the formula (I) by enzymatical oxidation, reduction, hydroly-
sis or the like under physiological conditions in a living body,
and a compound which converts into the compound of the
formula (I) by hydrolyzing by stomach acid or the like. The
method of selecting suitable prodrug derivatives and the
method of manufacturing them are disclosed in Design of
Prodrugs, Elsevier, and Amsterdam 1985. Prodrug itself may
possess the activity.

[0100] When the compound of the formula (I) or its phar-
maceutically acceptable salt has a hydroxy group, examples
of the prodrug includes acyloxy derivatives and sulfonyloxy
derivatives which can be prepared by reacting a compound
having a hydroxy group with a suitable acid halide, suitable
acid anhydride, suitable sulfonyl chloride, suitable sulfony-
lanhydride or mixed anhydride, or by reacting with a conden-
sation agent. F or example, CH,COO—, C,H,COO—, t-Bu-

COO—,  C,H,,CO00—,  PhCOO—,  COO(m-
NaOOCPh)—, NaOOCCH,CH,COO—, CH,CH(NH,)
COO-—, CH,N(CH,),COO—, CH,S0,—, CH,CH,SO,—,
CF,S0,—, CH,FSO,—, CF,CH,SO,—, p-CH,—O—

PhSO,—, PhSO,—, and p-CH,PhSO,— are exemplified.

[0101] The compound of the formula (I) includes the com-
pounds of the following formulas (Ia) to (Ie).
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[Chemical Formula 14]

(a)

(Ib)

(e)

d)

(Ie)

wherein R is each independently

halogen, hydroxy, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkenyloxy, substituted or unsubstituted alky-
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nyloxy, substituted or unsubstituted alkylthio, substituted or
unsubstituted alkenylthio, substituted or unsubstituted alky-
nylthio, substituted or unsubstituted acyl, substituted or
unsubstituted acyloxy, cyano, nitro, carboxy, substituted or
unsubstituted alkoxycarbonyl, substituted or unsubstituted
alkenyloxycarbonyl, substituted or unsubstituted alkyny-
loxycarbonyl, substituted or unsubstituted amino, substituted
or unsubstituted carbamoyl, substituted or unsubstituted thio-
carbamoyl, substituted or unsubstituted sulfamoyl, substi-
tuted or unsubstituted alkylsulfinyl, substituted or unsubsti-
tuted alkenylsulfinyl, substituted or unsubstituted
alkynylsulfinyl, substituted or unsubstituted alkylsulfonyl,
substituted or unsubstituted alkenylsulfonyl, substituted or
unsubstituted alkynylsulfonyl, substituted or unsubstituted
carbocyclyl, substituted or unsubstituted carbocyclyloxy,
substituted or unsubstituted carbocyclylthio, substituted or
unsubstituted carbocyclylalkyl, substituted or unsubstituted
carbocyclylalkoxy, substituted or unsubstituted carbocycly-
loxycarbonyl, substituted or unsubstituted carbocyclylsulfi-
nyl, substituted or unsubstituted carbocyclylsulfonyl, substi-
tuted or unsubstituted heterocyclyl, substituted or
unsubstituted heterocyclyloxy, substituted or unsubstituted
heterocyclylthio, substituted or unsubstituted heterocyclyla-
lkyl, substituted or unsubstituted heterocyclylalkoxy, substi-
tuted or unsubstituted heterocyclyloxycarbonyl, substituted
or unsubstituted heterocyclylsulfinyl or substituted or unsub-
stituted heterocyclylsulfonyl, m is an integer of 0 to 3, nis an
integer of 0 to 4, and other symbols are the same as defined
above.

[0102] The present compounds of the formulas (1), (Ia) to
(Ie) can be prepared, for example, by general synthesis pro-
cedures shown below. Extract, purification or the like can be
performed by the usual procedure in the experiment of the
organic chemistry.

[0103] Synthesis of the compound of the present invention
can be carried out according to the known methods in the
technical field.

[0104] In the case that a substituent which inhibits a reac-
tion (e.g. hydroxy, mercapto, amino, formyl, carbonyl and
carboxy) exists in any of the following steps, the substituent
may be preliminarily protected by, for example, the method
described in “Protective Groups in Organic Synthesis, The-
odora W Green (John Wiley & Sons)” and the protecting
group may be removed at an appropriate step.

[0105] During all the following steps, the order of the steps
to be performed may be appropriately changed. In each step,
anintermediate may be isolated and then used in the next step.

1) Synthesis of Compound (I)

[0106]
[Chemical Formula 15]
O, OH O, NH,
\ Hal Step 1 \ Hal Step 2
1 2
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-continued
CN

N Hal

wherein Hal is halogen and other symbols are the same as
defined above.

Step 1

[0107] Compound 1 which is commercially available or
can be prepared by known methods is reacted with an oxalyl
chloride, thionyl chloride or the like in the absence or pres-
ence of a catalytic N,N,-dimethylformamide in a solvent such
as toluene, dichloromethane, tetrahydrofuran or a mixed sol-
vent thereof at a temperature between —40° C. and reflux
temperature of the solvent, preferably —10° C. to 30° C. for
0.1 to 24 hours, preferably 0.1 to 6 hours. To the reaction
solution is added an ammonia source such as 28% aqueous
ammonia, an aqueous ammonia dioxane solution, an aqueous
ammonia ether solution and reacted for 0.1 to 24 hours, pref-
erably 0.1 to 6 hours to afford Compound 2.

Step 2

[0108] Compound 2 is reacted in the presence of a base
such as triethylamine or diisopropylethylamine and a dehy-
drating agent such as trifluoroacetic anhydride in a solvent
such as toluene, dichloromethane, or tetrahydrofuran at a
temperature between -40° C. and reflux temperature of the
solvent, preferably —10 to 30° C. for 0.1 to 24 hours, prefer-
ably 0.1 to 6 hours to afford Compound 3.

[Chemical Formula 16]

R¥ Br
e}
Step 3 R! Step 4
—_— —_—
4 5

|

R B
~0 Step 5
| '
R!
6
R!

Step 6
\a Step6
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-continued
Rl
AN 9
° Step 7
_—
R4a
HN NR2?R??

NRZaRZb

@

wherein wavy line includes a cis isomer and a trans isomer
about the double bond and each symbol is the same as defined
above.

Step 3

[0109] (Bromomethyl)triphenylphosphonium bromide and
abase such as potassium-t-butoxide or sodium-t-butoxide are
reacted in a solvent such as toluene, dichloromethane, or
tetrahydrofuran at a temperature between —40° C. and reflux
temperature of the solvent, preferably —10 to 40° C. for 0.1 to
24 hours, preferably 0.1 and 6 hours. To the reaction solution
is added a solution of Compound 4 which is commercially
available or can be prepared by known methods in toluene,
dichloromethane, tetrahydrofuran or the like and reacted for
0.1 to 24 hours, preferably 0.1 to 6 hours to afford Compound
5.

Step 4

[0110] To a solution of Compound 5 in a solvent such as
toluene, dioxane, or tetrahydrofuran are added subsequently a
boron reagent such as bis(pinacolate)diboron, a base such as
potassium acetate and a divalent palladium reagent such as
[1,1'-bis(diphenylphosphino)ferrocene]palladium(Indichlo-
ride dichloromethane complex (1:1) at atemperature between
-40° C. to reflux temperature of the solvent, preferably -10
and 40° C. The mixture is reacted at a temperature between
room temperature and reflux temperature of the solvent, pref-
erably room temperature and 80° C. for 0.1 and 24 hours to
afford Compound 6.

Step 5

[0111] To a solution of Compound 6 in a solvent such as
toluene, dichloromethane, dioxane, or tetrahydrofuran, are
added Compound 3 obtained in Step 2, a 2M aqueous potas-
sium carbonate solution or a 2M aqueous sodium carbonate
solution and a divalent palladium reagent such as [1,1'-bis
(diphenylphosphino)ferrocene|palladium(II)dichloride

dichloromethane complex (1:1) at a temperature between
-40° C. and reflux temperature of the solvent, preferably -10
and 40° C. The mixture is reacted at a temperature between

15
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room temperature and reflux temperature of the solvent for
0.1 and 24 hours to afford Compound 7.

Step 6

[0112] To asolution of an ammonia source such as ammo-
nium chloride, ammonium acetate, or ammonium formate in
a solvent such as toluene, dichloromethane, dioxane, or tet-
rahydrofuran is added a metal reagent such as trimethylalu-
minium at a temperature between —40° C. and reflux tempera-
ture of the solvent, preferably —10 and 40° C. The mixture is
reacted at a temperature between —40° C. and reflux tempera-
ture of the solvent, preferably —10 and 40° C. for 0.1 to 24
hours, preferably 0.1 to 6 hours. To the reaction solution is
added a solution of Compound 7 intoluene, dichloromethane,
dioxane, tetrahydrofuran or the like and reacted at a tempera-
ture between room temperature and reflux temperature of the
solvent for 1 to 48 hours, preferably 1 to 30 hours to afford
Compound 8.

Step 7

[0113] Compound 8 is dissolved in an acid such as sulfuric
acid, hydrochloric acid, or technical grade sulfuric acid and
reacted at a temperature between 0 and 60° C., preferably O
and 40° C. for 1 to 48 hours, preferably 1 to 30 hours. To the
reaction solution is added nitric acid at a temperature between
—-10 and 40° C. and the mixture is reacted for 0.1 to 24 hours,
preferably 0.1 to 6 hours to afford Compound (I).

[0114] When NR?“R?” of the obtained Compound (I) is an
amino group protected by an amino protecting group such as
t-butoxycarbonyl, the obtained compound is dissolved in a
hydrochloric acid methanol solution, a trifluoroacetic acid
dichloromethane solution, a hydrochloric acid dioxane solu-
tion, formate or the like and reacted at a temperature between
-40° C. and reflux temperature of the solvent, preferably —10
and 40° C. for 0.1 to 48 hours, preferably 0.5 to 12 hours to
afford the deprotected Compound (I).

[0115] Alternatively, an amino protecting group can be
deprotected according to the methods in Protective Groups in
Organic Synthesis, Theodora W Green (John Wiley & Sons)
or the like.

2) Synthesis of Compound (Ig)

[0116]

[Chemical Formula 17]
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wherein Boc is t-butoxycarbonyl and other symbols are the
same as defined above.

[0117] Compound (If) is suspended or dissolved in a sol-
vent such as toluene, dichloromethane, dioxane, or tetrahy-
drofuran. To the mixture is added di-tert-butyl dicarbonate at
a temperature between —40° C. and reflux temperature of the
solvent, preferably —10 and 40° C. and reacted for 1 to 48
hours, preferably 1 to 30 hours. To the reaction solution are
subsequently added methanol, distilled water, iron and
ammonium chloride at a temperature between —-40° C. and
reflux temperature of the solvent, preferably —10 and 40° C.
and reacted at a temperature between room temperature and
reflux temperature of the solvent for 0.1 to 48 hours, prefer-
ably 0.5 to 6 hours to afford Compound (Ig).

[0118] An amino protecting group may be a substituent
which can be protected and deprotected according to the
methods in Protective Groups in Organic Synthesis, The-
odora W Green (John Wiley & Sons) or the like and examples
are lower alkoxycarbonyl, lower alkenyloxycarbonyl, tri-
alkylsilyl, acyl, methanesulfonyl, trifluoroethanesulfonyl,
and toluene sulfonyl.

[0119] Alternatively, a nitro group of amino-protected
Compound (If) can be reduced by adding a catalytic reduction
agent such as 10% palladium/carbon to amino-protected
Compound (If) in tetrahydrofuran, ethyl acetate, methanol or
the like and reacting in the range from atmospheric pressure
to 5 atm, preferably atmospheric pressure and 2 atm under
hydrogen atmosphere at a temperature between 30° C. to 120°
C., preferably 50 to 80° C. for 0.5 to 48 hours, preferably 6 to
20 hours, or according to the methods in Comprehensive
Organic Transformations, Richard C Larock (Mcgraw-Hill)
or the like to afford Compound (Ig).

3) Synthesis of Compound (i)

[0120]

[Chemical Formula 18]
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-continued

NHR?

wherein Rp is an amino protecting group and other symbols
are the same as defined above.

[0121] To a solution of Compound (Ih) in a solvent such as
toluene, dichloromethane, dioxane, or tetrahydrofuran are
added a carboxylic acid corresponding to the target com-
pound, a base such as triethylamine or diisopropylethy-
lamine, and a condensation agent such as O-(benzotriazol-1-
yD)-N,N,N'N'-tetramethyluronium  hexafluoro-phosphate,
WSCD, or CDI at a temperature between —40° C. and reflux
temperature of the solvent, preferably —10 and 40° C. The
mixture is reacted at a temperature between —40° C. and
reflux temperature of the solvent, preferably —10 and 40° C.
for 0.1 and 48 hours, preferably 0.5 to 6 hours to afford
Compound (Ii).

4) Synthesis of Compound (Ik)
[0122]

[Chemical Formula 19]

NRZaRZb

wherein Hal is halogen and each symbol is the same as
defined above.

[0123] To asolution of Compound (Ij) with halogen on ring
A in a solvent such as tetrahydrofuran, toluene or xylene are
added trisdibenzylideneaceton dipalladium, palladium
acetate, or palladium(0) prepared in the reaction system or the
like and a phosphine ligand such as tri-tert-butylphosphine, or
dicyclohexylbiphenyl phosphine. To the mixture is added a
reagent such as lithium hexamethyldisilazide, or benzophe-
none imine which has a substituent corresponding to the
target compound at a temperature between -10 and 30° C.
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and reacted at a temperature between 30° C. and reflux tem-
perature of the solvent, preferably 50 and 100° C. for 0.5 to 48
hours, preferably 3 to 20 hours to afford Compound (Ik).

5) Synthesis of Compound (Im)

[0124]

[Chemical Formula 20]

NRZaRZb

wherein R? is an amino protecting group, and each symbol is
the same as defined above.

[0125] Compound (Im) can be obtained by deprotecting an
amino protected Compound (I1) according to the method in
Protective Groups in Organic Synthesis and Theodora W
Greene (John Wiley & Sons) or the like.

[0126] Any substituent which can be deprotected by the
method in Protective Groups in Organic Synthesis, Theodora
W Green (John Wiley & Sons) or the like can be employed as
an amino protecting group, for example, alkoxycarbonyl,
alkenyloxycarbonyl, trialkylsilyl, acyl, methane sulfonyl, tri-
fluoroethanesulfonyl, or toluenesulfonyl.

6) Synthesis of Compound (In)

[0127] Compound (In) can be prepared by Method A or
Method B.

[Chemical Formula 21]
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NRZaRZb

(Im)

wherein and each symbol is the same as defined above.

Method A: Condensation Under Acidic Conditions

[0128] An aryl halide or a heteroaryl halide which is com-
mercially available or can be prepared by known method
(Tetrahedron, 2009, vol. 65, p. 757 to 764) or similar methods
thereof is reacted with Compound (Im) in the presence of an
acid such as hydrogen chloride, sulfuric acid, trifluoroacetic
acid, methanesulfonic acid, trifluoromethanesulfonic acid, or
perchloric acid in a solvent such as methanol, ethanol, iso-
propylalcohol, butanol, isobutanol, sec-butanol, acetic acid,
water or a mixed solvent thereof at a temperature between 0°
C. and reflux temperature of the solvent, preferably 20° C.
and 140° C. for 0.1 to 120 hours, preferably 0.5 to 72 hours to
afford Compound (In)

Method B: Condensation Under Basic Conditions

[0129] An aryl halide or a heteroaryl halide which is com-
mercially available or can be prepared by known method
(Tetrahedron, 2009, vol. 65, p. 757 to 764) or similar methods
thereof is reacted with Compound (Im) in the presence of a
base such as triethylamine, sodium carbonate, potassium car-
bonate, cesium carbonate, sodium methoxide, potassium tert-
butoxide, n-butyllithium, lithium hexamethyldisilazide,
sodium hexamethyldisilazide, or potassium hexamethyldisi-
lazide in a solvent such as toluene, tetrahydrofuran, dimeth-
ylformamide, 1,2-dimethoxyethane, 1,4-dioxane, or metha-
nol at a temperature between 0° C. and reflux temperature of
the solvent, preferably 20° C. and 140° C. for 0.5 to 100 hours,
preferably 0.5 to 72 hours to afford Compound (In).

[0130] Alternatively, the reaction can be subjected under
the condition with trisdibenzylideneacetone dipalladium,
palladium acetate or palladium (0) which is prepared in a
reaction system and a phosphine ligand such as triph-
enylphosphine, tri-tert-butylphosphine, dicyclohexylbiphe-
nylphosphine, 9,9-dimethyl-4,5-bis(diphenylphosphino)
xanthene (Xantphos), 2-dicyclohexylphosphino-2'.4',6'-
triisopropylbiphenyl (X-Phos), 2-dicyclohexylphosphino-2',
6'-diiddopropoxy-1,1'-biphenyl (Ruphos). In this case,
Compound (In) can be prepared by reacting under the micro-
wave irradiation or unirradiated, at a temperature between 0°
C. and 150° C., preferably 10° C. and 100° C. for 0.5 to 72
hours, preferably 1 to 24 hours.
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7) Synthesis of Compound (Ip)
[0131]

[Chemical Formula 22]

NRZaRZb

(p)

wherein each symbol is the same as defined above.

[0132] Compound (lo) with carboxy on ring A is reacted
with a primary amine or secondary amine such as aniline,
2-aminopyridine, or dimethylamine with a substituent corre-
sponding to the target compound in the presence of a dehy-
dration-condensation agent such as dicyclohexylcarbodiim-
ide, carbonyldiimidazole, or dicyclohexylcarbodiimide-N-
hydroxybenzotriazole in a  solvent such as
dimethylformamide, tetrahydrofuran, or dichloromethane at
a temperature between —80° C. and 100° C., preferably —20°
C. and 40° C. for 0.1 to 24 hours, preferably 1 to 12 hours to
afford Compound (Ip).

[0133] Optically active compounds of Compound (I) can
be prepared from an optically active starting material, from an
optically active intermediate obtained by asymmetry synthe-
sis at a suitable stage, or by performing optical resolution of
an intermediate or a target compound, each of which is a
racemate, at a suitable stage. Examples of a method for opti-
cal resolution is separation of an optical isomer using an
optically active column; kinetic optical resolution utilizing an
enzymatic reaction; crystallization resolution of a diastere-
omer by salt formation using a chiral acid or a chiral base; and
preferential crystallization method.

[0134] As specific embodiments ofthe compound (1) of the
present invention, the following compounds are exemplified.
[0135] Inthe formula (I), for example, ring 7. is substituted
or unsubstituted pyridine or substituted or unsubstituted ben-
zene.

[0136] Ring Z is, for example, pyridine optionally substi-
tuted with O to 3 substituents independently selected from
halogen, hydroxy, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkenyloxy, substituted or unsubstituted alky-
nyloxy, substituted or unsubstituted alkylthio, substituted or
unsubstituted alkenylthio, substituted or unsubstituted alky-
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nylthio, substituted or unsubstituted acyl, substituted or
unsubstituted acyloxy, cyano, nitro, carboxy, substituted or
unsubstituted alkoxycarbonyl, substituted or unsubstituted
alkenyloxycarbonyl, substituted or unsubstituted alkyny-
loxycarbonyl, substituted or unsubstituted amino, substituted
orunsubstituted carbamoyl, substituted or unsubstituted thio-
carbamoyl, substituted or unsubstituted sulfamoyl, substi-
tuted or unsubstituted alkylsulfinyl, substituted or unsubsti-
tuted alkenylsulfinyl, substituted or unsubstituted
alkynylsulfinyl, substituted or unsubstituted alkylsulfonyl,
substituted or unsubstituted alkenylsulfonyl, substituted or
unsubstituted alkynylsulfonyl, substituted or unsubstituted
carbocyclyl, substituted or unsubstituted carbocyclyloxy,
substituted or unsubstituted carbocyclylthio, substituted or
unsubstituted carbocyclylalkyl, substituted or unsubstituted
carbocyclylalkoxy, substituted or unsubstituted carbocycly-
loxycarbonyl, substituted or unsubstituted carbocyclylsulfi-
nyl, substituted or unsubstituted carbocyclylsulfonyl, substi-
tuted or unsubstituted heterocyclyl, substituted or
unsubstituted heterocyclyloxy, substituted or unsubstituted
heterocyclylthio, substituted or unsubstituted heterocyclyla-
lkyl, substituted or unsubstituted heterocyclylalkoxy, substi-
tuted or unsubstituted heterocyclyloxycarbonyl, substituted
or unsubstituted heterocyclylsulfinyl or substituted or unsub-
stituted heterocyclylsulfonyl.

[0137] Ring Z is, for example, pyridine optionally substi-
tuted with O to 2 substituents independently selected from
halogen, hydroxy, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkenyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted alkenyloxy, substituted
or unsubstituted alkylthio, substituted or unsubstituted alk-
enylthio, substituted or unsubstituted acyl, substituted or
unsubstituted acyloxy, cyano, carboxy, substituted or unsub-
stituted alkoxycarbonyl, substituted or unsubstituted alkeny-
loxycarbonyl, substituted or unsubstituted amino, substituted
or unsubstituted carbamoyl, substituted or unsubstituted car-
bocyclyl, substituted or unsubstituted carbocyclyloxy, substi-
tuted or unsubstituted carbocyclyloxycarbonyl, substituted or
unsubstituted carbocyclylsulfinyl, substituted or unsubsti-
tuted heterocyclyl, substituted or unsubstituted heterocycly-
loxy or substituted or unsubstituted heterocyclyloxycarbo-
nyl.

[0138] Ring Z is, for example, pyridine optionally substi-
tuted with O to 2 substituents independently selected from
halogen, hydroxy, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkoxy, substituted or unsubstituted
acyl, substituted or unsubstituted acyloxy, cyano, carboxy,
substituted or unsubstituted alkoxycarbonyl or substituted or
unsubstituted amino.

[0139] Ring Z is, for example, pyridine optionally substi-
tuted with O to 2 substituents independently selected from
halogen, hydroxy, alkyl optionally substituted with one or
more substituents selected from the substituent group a,
alkoxy optionally substituted with one or more substituents
selected from the substituent group a, acyl optionally substi-
tuted with one or more substituents selected from the sub-
stituent group ., acyloxy optionally substituted with one or
more substituents selected from the substituent group a,
cyano, carboxy, alkoxycarbonyl optionally substituted with
one or more substituents selected from the substituent group
a or amino optionally substituted with one or more substitu-
ents selected from the substituent group c.
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[0140] As specific embodiments, the compounds of the wherein each symbol is as follows are exemplified:
following formulas (Ia) to (Ie): [0141] Ring A is, for example,

[Chemical Formula 23] [Chemical Formula 24]

o]
(1a) JL ,
G
s ,
8

|
2
LI/NTL °
(@]
Ll/ \[r °
(Ib)

NR22R2? .\ J]\ A °

8

.\JL/

" ouypod

Ll J\ 12
TN
RS
o]
~NE
|
R

NRZaRZb

NR29R2® and

«T%
T
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-continued
l NR® ’

Ll L2
O
Ll L2
& O
Ll\ /L

@

I

RS
OO

e}

)J\ L2
AN
RS

wherein each symbol is the same as defined above.

[0142] Ring A is, for example,

[Chemical Formula 25]

S RCh

LApah

ot
O

wherein each symbol is the same as defined above.
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[0143] Ring A is, for example,

[Chemical Formula 26]

O
WS
ooy

wherein each symbol is the same as defined above.

[0144] Ring A' is, for example, a substituted or unsubsti-
tuted carbocycle or a substituted or unsubstituted heterocycle.
[0145] RingA'is, for example, substituted or unsubstituted
benzene or substituted or unsubstituted pyridine. Examples
of the substituent are one or more selected from halogen,
cyano, alkyl and alkoxy.

[0146] RingA'is, for example, substituted or unsubstituted
benzene. Examples of the substituent are one or more selected
from halogen, cyano, alkyl and alkoxy.

[0147] Ring B is, for example, a substituted or unsubsti-
tuted carbocycle or a substituted or unsubstituted heterocycle.
[0148] Ring B is, for example, substituted or unsubstituted
pyridine, substituted or unsubstituted pyrimidine or substi-
tuted or unsubstituted pyrazine. Examples of the substituent
are one or more substituents selected from halogen, cyano,
alkyl, halogenoalkyl, alkoxy and alkynyloxy.

[0149] Ring B is, for example, substituted or unsubstituted
pyridine or substituted or unsubstituted pyrazine. Examples
of the substituent are one or more substituents selected from
halogen, cyano, alkyl, halogenoalkyl, alkoxy and alkynyloxy.
[0150] L' and L? are, for example, each independently a
bond, substituted or unsubstituted alkylene, substituted or
unsubstituted alkenylene or substituted or unsubstituted alky-
nylene.

[0151] L' and L? are, for example, each independently a
bond, substituted or unsubstituted alkylene.

[0152] Each of L' and L? is, for example, a bond.

[0153] R is, for example, each independently halogen,
hydroxy, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkenyloxy, substituted or unsub-
stituted alkylthio, substituted or unsubstituted alkenylthio,
substituted or unsubstituted acyl, substituted or unsubstituted
acyloxy, cyano, carboxy, substituted or unsubstituted alkoxy-
carbonyl, substituted or unsubstituted alkenyloxycarbonyl,
substituted or unsubstituted amino, substituted or unsubsti-
tuted carbamoyl, substituted or unsubstituted carbocyclyl,
substituted or unsubstituted carbocyclyloxy, substituted or
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unsubstituted carbocyclyloxycarbonyl, substituted or unsub- -continued

stituted carbocyclylsulfinyl, substituted or unsubstituted het- S

erocyclyl, substituted or unsubstituted heterocyclyloxy or J]\ 5

substituted or unsubstituted heterocyclyloxycarbonyl, m is an L N/L °
integer of 0 to 3, and n is an integer of 0 to 4. |

[0154] R is, for example, halogen, hydroxy, substituted or RS ’
unsubstituted alkyl, substituted or unsubstituted alkoxy, sub- o]

stituted or unsubstituted acyl, substituted or unsubstituted JJ\ 5

acyloxy, cyano, carboxy, substituted or unsubstituted alkoxy- Ll o L °
carbonyl or substituted or unsubstituted amino, m or n is an

integer of 0 to 2. ,
[0155] R is, for example, halogen, hydroxy, alkyl option-

ally substituted with one or more substituents selected from o 12

the substituent group a, alkoxy optionally substituted with L \ﬂ/ °

one or more substituents selected from the substituent group

a, acyl optionally substituted with one or more substituents o © ’

selected from the substituent group o, acyloxy optionally
substituted with one or more substituents selected from the L )J\ 12
~ Ve
Il\f O

substituent group «, cyano, carboxy, alkoxycarbonyl option-
ally substituted with one or more substituents selected from
the substituent group o or amino optionally substituted with o
one or more substituents selected from the substituent group )I\
LZ
IiI/

RS ’

a, and m or n is an integer of 0 to 2.

Ll

[0156] R is, for example, halogen, hydroxy, alkyl, alkoxy, o

cyano, carboxy, alkoxycarbonyl or amino, and m or n is 1.

[0157] R' is, for example, substituted or unsubstituted o

alkyl, substituted or unsubstituted alkenyl, substituted or

unsubstituted alkynyl, cyano, substituted or unsubstituted Ll\N )I\N A
| |

carbocyclyl or substituted or unsubstituted heterocyclyl.
[0158] R' is, for example, substituted or unsubstituted
alkyl.

[0159] R! is, for example, unsubstituted having a carbon
number of 1 to 3. Li_ )]\ _L

1 2
[0160] R>*and R?” are each independently hydrogen, sub- N N °
stituted or unsubstituted alkyl or substituted or unsubstituted l l
acyl.
[0161] R>*and R? are, for example, both hydrogen.

[0162] R**andR** are each independently hydrogen, halo- Ly 13
gen, hydroxy, substituted or unsubstituted alkyl, substituted \”/ °
or unsubstituted alkenyl or substituted or unsubstituted alky- 0

nyl.

[0163] R**and R* are, for example, hydrogen.

L! L2
[0164] Preferable combinations of the substituents of the °
compound (1) are, for example, the following 1) to 6):
S

1) The compound wherein ring Z is substituted or unsubsti-
tuted pyridine, ring A is
L} L2
[Chemical Formula 27] \ﬂ/ °
(€]
JJ\ L2
Ll N~ L I
| (6]
RS ,

RS
I!I L2 1 >
1 L L
L T O
(@]
RS
00 RO,
|
S
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OO
©

wherein ring A' and ring B are each independently a substi-
tuted or unsubstituted carbocycle or a substituted or unsub-
stituted heterocycle,

Ll

Z
\

and L? are each independently a bond, substituted or
unsubstituted alkylene, substituted or unsubstituted alk-
enylene or substituted or unsubstituted alkynylene,

R®is hydrogen, substituted or unsubstituted alkyl, substituted
or unsubstituted alkenyl, substituted or unsubstituted alkynyl
or substituted or unsubstituted acyl,

R? is hydrogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl or substituted or unsubstituted acyl, and

Ak is substituted or unsubstituted alkyl, substituted or unsub-
stituted alkenyl or substituted or unsubstituted alkynyl,

R! is substituted or unsubstituted alkyl, and
R2? R?? R** and R* are hydrogen.

2) The compound wherein ring Z is substituted or unsubsti-
tuted pyridine, ring A is

[Chemical Formula 28]

b

QL

e
O

wherein ring A' and ring B are each independently a substi-
tuted or unsubstituted carbocycle or a substituted or unsub-
stituted heterocycle,

L' and L? are each independently a bond, substituted or
unsubstituted alkylene or substituted or unsubstituted alk-

enylene, and R® is hydrogen,
R! is substituted or unsubstituted alkyl, and
R?%, R?*, R** and R*” are hydrogen.
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3) The compound wherein ring Z is substituted or unsubsti-
tuted pyridine, ring A is

[Chemical Formula 29]

O
WS
ooy

wherein ring A' and ring B are each independently a substi-
tuted or unsubstituted carbocycle or a substituted or unsub-
stituted heterocycle, and R® is hydrogen, R” is substituted or
unsubstituted alkyl, and

R?*, R?*, R** and R*” are hydrogen.
4) The compound wherein ring Z is substituted or unsubsti-
tuted pyridine, ring A is

[Chemical Formula 30]

SN
SN
NUSN

wherein ring A' is substituted or unsubstituted benzene or
substituted or unsubstituted pyridine, ring B is substituted or
unsubstituted pyridine, substituted or unsubstituted pyrimi-
dine or substituted or unsubstituted pyrazine, and R® is hydro-
gen,

R! is substituted or unsubstituted alkyl, and

R?*, R?*, R** and R*” are hydrogen.
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5) The compound wherein ring Z is pyridine optionally sub-
stituted with O to 2 substituents independently selected from
halogen, hydroxy, alkyl optionally substituted with one or
more substituents selected from the substituent group .,
alkoxy optionally substituted with one or more substituents
selected from the substituent group a, acyl optionally substi-
tuted with one or more substituents selected from the sub-
stituent group @, acyloxy optionally substituted with one or
more substituents selected from the substituent group .,
cyano, carboxy, alkoxycarbonyl optionally substituted with
one or more substituents selected from the substituent group
a or amino optionally substituted with one or more substitu-
ents selected from the substituent group c,

ring A is

[Chemical Formula 31]

O
NN
OO

wherein ring A' is substituted or unsubstituted benzene or
substituted or unsubstituted pyridine, wherein the substituent
is one or more substituents selected from halogen, cyano,
alkyl and alkoxy,

ring B is substituted or unsubstituted pyridine, substituted or
unsubstituted pyrimidine or substituted or unsubstituted
pyrazine, wherein the substituent is one or more substituents
selected from halogen, cyano, alkyl, halogenoalkyl, alkoxy
and alkynyloxy, and R® is hydrogen,

R! is substituted or unsubstituted alkyl, and

R?%, R?*, R** and R*” are hydrogen.

6) The compound wherein ring Z is pyridine optionally sub-
stituted with halogen, ring A is

[Chemical Formula 32]
8

|
OS>

¢}

wherein ring A' is benzene optionally substituted with halo-
gen,

ring B is substituted or unsubstituted pyridine or substituted
or unsubstituted pyrazine, wherein the substituent is one or
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more substituents selected from halogen, cyano, alkyl, halo-
genoalkyl, alkoxy and alkynyloxy, and R® is hydrogen,

R! is unsubstituted alkyl, and

R??, R??, R** and R** are hydrogen.

[0165] The compounds of the present invention have
BACEL1 inhibitory activity, and therefore, are useful as a
medicament for treatment, prevention, and/or symptom
improvement of the diseases induced by the production,
secretion or deposition of amyloid f} protein such as dementia
of'the Alzheimer’s type (Alzheimer’s disease, senile demen-
tia of Alzheimer type), Down’s syndrome, memory impair-
ment, prion disease (Creutztfeldt-Jakob disease), mild cogni-
tive impairment (MCI), Dutch type of hereditary cerebral
hemorrhage with amyloidosis, cerebral amyloid angiopathy,
other type of degenerative dementia, mixed dementia such as
coexist Alzheimer’s disease with vascular type dementia,
dementia with Parkinson’s Disease, dementia with progres-
sive supranuclear palsy, dementia with Cortico-basal degen-
eration, Alzheimer’s disease with diffuse Lewy body disease,
age-related macular degeneration, Parkinson’s Disease and
amyloid angiopathy.

[0166] The compound of the present invention has not only
BACE] inhibitory activity but the beneficialness as a medi-
cament. The compound has any or all of the following supe-
rior properties.

a) Inhibitory activity for CYP enzymes such as CYP1A2,
CYP2C9,CYP2C19,CYP2D6, or CYP3 A4 of the compound
is weak.

b) The compound show excellent pharmacokinetics such as
high bioavailability or moderate clearance.

¢) The compound has high metabolic stability.

d) The compound does not show irreversible inhibition to
CYP enzyme such as CYP3 A4 in the range of the concentra-
tion of the measurement conditions described in this descrip-
tion.

e) The compound does not show mutagenesis.

) Risk of cardiovascular systems of the compound is low.
g) The compound show high solubility.

h) The compound show high brain distribution.

1) The compound has high oral absorption.

j) The compound has long half-life period.

k) The compound has high protein unbinding ratio.

1) The compound show negative in the Ames test.

[0167] Since the compound of the present invention has
high inhibitory activity on BACE1 and/or high selectivity on
other enzymes, it can be a medicament with reduced side
effect. Further, since the compound has high eftect of reduc-
ing amyloid [ production in a cell system, particularly, has
high effect of reducing amyloid [} production in brain, it can
be an excellent medicament. In addition, by converting the
compound into an optically active compound having suitable
stereochemistry, the compound can be a medicament having
a wider safety margin on the side effect.

[0168] When a pharmaceutical composition of the present
invention is administered, it can be administered orally or
parenterally. The composition for oral administration can be
administered in usual dosage forms such as tablets, granules,
powders, capsules which can be prepared according to the
conventional manners. The composition for parenteral
administration can be administered suitably in usual
parenteral dosage forms such as injections. Since the com-
pounds of the present invention have high oral absorption,
they can be preferably administered in an oral dosage form.
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[0169] A pharmaceutical composition can be formulated
by mixing various additive agents for medicaments, if
needed, such as excipients, binders, disintegrating agents,
and lubricants which are suitable for the formulations with an
effective amount of the compound of the present invention.
[0170] Although the dosage of a pharmaceutical composi-
tion of the present invention should be determined in consid-
eration of the patient’s age and body weight, the type and
degree of diseases, the administration route and the like, an
usual oral dosage for an adult is 0.05 to 100 mg/kg/day and
preferable is 0.1 to 10 mg/kg/day. For parenteral administra-
tion, although the dosage highly varies with administration
routes, an usual dosage is 0.005 to 10 mg/kg/day and prefer-
ably 0.01 to 1 mg/kg/day. The dosage may be administered in
one to several divisions per day.

[0171] The compound of the present invention can be used
combining other medicaments for treating Alzheimer’s dis-
ease such as an acetylcholinesterase inhibitor (hereinafter
referred to as a concomitant medicament) for the purpose of
enforcement of the activity of the compound or reduction of
the amount of medication of the compound or the like. Under
the present circumstances, timing of administration of the
compound of the present invention and the concomitant
medicament is not limited and these may be administered to
the subject simultaneously or in a time proximity to each
other. Furthermore, the compound of the present invention
and concomitant medicament may be administered as two
different compositions containing each active ingredient or as
a single composition containing both active ingredient.
[0172] The dose of the concomitant medicament can be
suitably selected on the basis of the dose used on clinical.
Moreover, the mix ratio of the compound of the present inven-
tion and a concomitant medicament can be suitably selected
in consideration of the subject of administration, administra-
tion route, target diseases, symptoms, combinations, etc. For
example, when the subject of administration is human, the
concomitant medicament can be used in the range 0£0.01-100
parts by weight relative to 1 part by weight of the compound
of the present invention.

[0173] Examples of a concomitant medicament are Done-
pezil hydrochloride, Tacrine, Galanthamine, Rivastigmine,
Zanapezil, Memantine and Vinpocetine.

EXAMPLES

[0174] The present invention will be described in more
detail with reference to, but not limited to, the following
examples and test examples.

[0175] In this description, meanings of each abbreviation
are as follows:

Me methyl

Et ethyl

Bz benzoyl

Boc t-butoxycarbonyl

THF tetrahydrofuran

NMR analysis of each Example was performed by 300 MHz
using DMSO-dg and CDCl,.

[0176] 'H-NMR was measured using tetramethylsilane as
an internal standard in deuterochloroform (CDCl,) solvent.
The 8 values were shown by ppm and the coupling constant
(I) were shown by Hz. In the data, s means singlet, d means
doublet, t means triplet, m means multiplet, br means broad
and brs means broad singlet.
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[0177] “RT” in tables means retention time in LC/MS: lig-
uid column chromatography/mass analysis, and these were
measured under the conditions as mentioned below.

Compounds (I-1) to (I-10) and (I-27) to (I-34)

Column: XBridge C18 (5 um, 1.d.4.6x50 mm) (Waters)

[0178]
UV detection wavelength: 254 nm

Mobile phases: [A] is 0.1% formic acid solution, and [B] is
0.1% formic acid in acetonitrile solvent.

Gradient: linear gradient of 10% to 100% solvent [B] for 3

minutes was performed, and 100% solvent [B] was main-
tained for 1 minute.

Flow rate: 3 mL/min

Compounds (I-11) to (I-26)

[0179] Column: ACQUITY UPLC (registered trademark)
BEH C18 (1.7 um 1.d.2.1x50 mm)

(Waters)

[0180]
UV detection wavelength: 254 nm

Mobile phases: [A] is 0.1% formic acid solution, and [B] is
0.1% formic acid in acetonitrile solvent.

Gradient: linear gradient of 10% to 100% solvent [B] for 3.5
minutes was performed, and 100% solvent [B] was main-
tained for 0.5 minute.

Flow rate: 0.8 mI/min

Example 1

Synthesis of Compound (I-5)

[0181]
[Chemical Formula 33]
O, OH O, NH,
Br Br
A Step 1 \ Step 2
—_— —_—
F F
N N
1 2
CN
Br
®
=
N
3
Br
| |
Step 3 Step 4
—_— —_—
F F
4 5
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-continued
/O
B
\O Step 5
| —
F
6
N
/
Step 6
—_—
e X
CN
F
7
N
/
Step 7
s Xy
F HN NH,
8
Step 8

—_—

0:N

Step 9
HN

11
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-continued

NC

\

/

-5

wherein a wavy line includes a cis isomer and a trans isomer
about the double bond.

Step 1

[0182] To asuspensionof3-bromoisonicotinic acid (1) (4.0
g) in tetrahydrofuran (40 ml) were added oxalyl dichloride
(1.82 ml) and dimethylformamide (one drop) at 0° C. and the
mixture was stirred for 1 hour. To the reaction solution was
added 28% aqueous ammonia (40 ml) and stirred for 40
minutes. After addition of ethyl acetate to the mixture, the
organic layer was washed with brine and dried over magne-
sium sulfate. The solvent was evaporated under reduced pres-
sure to afford Compound (2) (3.38 g).

[0183] 'H-NMR (DMSO-dy) &: 7.44 (1H, d, I=4.5 Hz),
7.83(1H,s), 8.08 (1H, s), 8.60 (1H, d, J=4.5Hz),8.79 (1H, s).

Step 2

[0184] To asuspension of Compound (2) (3.05 g) in dichlo-
romethane (60 ml), were added triethylamine (6.31 ml) and
trifluoroacetic anhydride (2.57 ml) at 0° C. and the mixture
was stirred for 1 hour. After addition of water and dichlo-
romethane to the mixture, the organic layer was washed with
brine and dried over magnesium sulfate. The solvent was
evaporated under reduced pressure and the obtained residue
was purified by chromatography to afford Compound (3)(2.
61 g).

[0185] 'H-NMR (CDCl,) &: 7.55 (1H, d, J=4.5 Hz), 8.71
(1H, d, J=4.5 Hz), 8.94 (1H, s).

Step 3

[0186] To a suspension of (bromomethyl)triphenylphos-
phonium bromide (7.58 g) in tetrahydrofuran (20 ml) was
added potassium-t-butoxide (17.4 ml, 1.0 M tetrahydrofuran
solution) at 0° C. and stirred for 10 minutes. To the reaction
solution was added a solution of 2-fluoroacetophenone (2)(1.
79 ml) in tetrahydrofuran (20 ml) at 0° C. and stirred for 1.5
hours. After addition of an aqueous saturated ammonium
chloride and ether to the reaction solution, the organic layer
was washed with water and brine and dried over magnesium
sulfate. The solvent was evaporated under reduced pressure
and the obtained residue was purified by chromatography to
afford Compound (5)(1.57 g).

[0187] 'H-NMR (CDCl,) : 2.10 (d, J=1.5 Hz) and 2.19 (t,
J=1.4 Hz) (3H), 6.32 (q, J=1.5 Hz) and 6.39 (q, J=1.4 Hz)
(1H), 7.01-7.34 (4H, m).

Step 4

[0188] To a solution of Compound (5)(2.24 g) in dioxane
(45 ml) were added bis(pinacolate)diboron (3.97 g), potas-
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sium acetate (3.07 g) and a [1,1'-bis(diphenylphosphino)fer-
rocene|palladium(H)dichloride dichloromethane complex
(1:1) (425 mg) at room temperature. The mixture was stirred
at65°C. for 18 hours and filtered. The solvent was evaporated
under reduced pressure and the obtained residue was purified
by chromatography to afford Compound (6)(2.15 g).

[0189] 'H-NMR (CDCL,) &: 1.09 (s) and 1.31 (s) (12H),
2.18 (br s) and 2.37 (1, J=1.2 Hz) (3H), 5.53 (s) and 5.61 (q,
J=1.2 Hz) (1H), 6.95-7.09 (2H, m), 7.14-7.30 (2H, m).

Step 5

[0190] To a solution of Compound (6)(267 mg) in tetrahy-
drofuran (8.0 ml) were added Compound (3)(205 mg), a 2M
aqueous potassium carbonate solution (1.53 ml) and a [1,1'-
bis(diphenyl phosphino)ferrocene|palladium(II)dichloride
dichloromethane complex (1:1) (41.6 mg) at room tempera-
ture. The mixture was stirred at 70° C. for 14 hours and to the
mixture were added subsequently water and ethyl acetate.
The organic layer was washed with water and brine and dried
over sodium sulfate. The solvent was evaporated under
reduced pressure and the obtained residue was purified by
chromatography to afford Compound (7)(203 mg).

[0191] 'H-NMR (CDCl,) 8: 2.26 (t, J=1.2 Hz) and 2.32 (d,
J=1.5Hz) (3H), 6.75 (1H, br s), 6.97-7.56 (5H, m), 8.17 (s)
and 8.88 (s) (1H), 8.42 (d, J=5.0 Hz) and 8.66 (d, J=5.0 Hz)
(1H).

Step 6

[0192] To a suspension of ammonium chloride (1.44 g) in
toluene (2.0 ml) was added trimethylalminium (13.5 ml, 2.0
M toluene solution) at 0° C., and stirred at room temperature
for 1 hour. To the reaction solution was added a solution of
Compound (7)(184 mg) in toluene (4.0 ml) and stirred at 100°
C. for 26 hours. To the reaction solution were added potas-
sium sodium (+)-tartrate tetrahydrate (10.1 g) and a 2 M
aqueous sodium hydroxide solution (15.4 ml) at 0° C., and
stirred at room temperature for 1 hour. Chloroform was
added, and the organic layer was washed with brine and dried
over sodium sulfate. The solvent was evaporated under
reduced pressure and the residue was purified by chromatog-
raphy to afford Compound (8)(190 mg).

[0193] 'H-NMR (CDCl,) &: 2.22 (t, J=1.3 Hz) and 2.26 (d,
J=1.5 Hz) (3H), 6.65-6.66 (1H, m), 6.87-7.40 (5H, m), 8.01
(s) and 8.71 (s) (1H), 8.35 (J=5.0 Hz) and 8.58 (d, J=4.9 Hz)
(1H).

Step 7

[0194] Compound (8)(179 mg) was dissolved in sulfuric
acid (1.0 ml) and stirred at room temperature for 14.5 hours.
To the reaction solution was added nitric acid (62 pl) at 0° C.
and the mixture was stirred for 1 hour. After the reaction
solution was poured into ice, a 2M aqueous sodium hydroxide
solution (18.0 ml) was added. To the reaction solution were
subsequently added an aqueous saturated sodium hydrogen
carbonate solution and ethyl acetate. The organic layer was
washed with water and brine and dried over sodium sulfate.
The solvent was evaporated under reduced pressure and the
residue was purified by chromatography to afford Compound
(9)(181 mg).

[0195] 'H-NMR (CDCL,) &: 1.53 (3H, s), 3.18 (1H, d,
J=15.9Hz),3.30(1H, d,J=15.9Hz), 7.15 (1H, dd, J=10.9,8.9
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Hz), 7.31 (1H, d, I=5.0 Hz), 8.10 (1H, ddd, J=8.9, 4.0, 3.0
Hz),8.55 (1H, s),8.63 (1H, d, J=5.0Hz), 8.68 (1H, dd, ]=7.0,
3.0 Hz), Step 8

[0196] To a suspension of Compound (9)(156 mg) in tet-
rahydrofuran (2.3 ml) was added di-tert-butyl dicarbonate
(120 ) at room temperature and stirred for 15 hours. To the
reaction solution were added methanol (1.5 ml), distilled
water (0.6 ml), iron (162 mg) and ammonium chloride (125
mg) at room temperature and stirred at 70° C. for 1.5 hours.
After the reaction solution was filtered, were subsequently
added water, an aqueous saturated sodium hydrogen carbon-
ate solution, and ethyl acetate. The organic layer was washed
with water and brine and dried over sodium sulfate. The
solvent was evaporated under reduced pressure to afford
Compound (10) (228 mg).

[0197] H-NMR (CDCl,)$: 1.60 (9H, s), 1.84 (3H, 5),3.19
(1M, d, J=16.0 Hz), 3.47 (21, brs), 3.69 (11, d, I=16.0 Hz),
6.32 (1M, dd, J=6.9, 2.7 Hz), 6.40-6.45 (1H, m), 6.78 (1H, dd,
J=11.9, 8.5 Hz), 8.00 (1M, d, J=5.0 Hz), 8.42 (1L, s), 8.53
(1H, d, J=5.0 Hz), 10.55 (1H, br s).

Step 9

[0198] To a solution of Compound (10)(68.8 mg) in tet-
rahydrofuran (1.4 ml) were added S5-cyanopicolinic acid
monohydrate (37.0 mg), triethylamine (67 ul), O-(benzotria-
zol-1-y1)-N,N,N'N'-tetramethyluronium  hexafluorophos-
phate (92.0 mg) at 0° C. and stirred at room temperature for
1.5 hours. To the reaction solution were subsequently added
an aqueous saturated sodium hydrogen carbonate solution
and ethyl acetate. The organic layer was washed with water
and brine and dried over sodium sulfate. The solvent was
evaporated under reduced pressure and the obtained residue
was purified by chromatography to afford Compound (11)
(90.3 mg).

[0199] 'H-NMR (CDCL,)?: 1.63 (9H, s), 1.89 (3H, 5), 3.27
(1M, d, I=15.9 Hz), 3.77 (14, d, J=15.9 Hz), 7.07 (1H, dd,
J=11.6, 8.9 Hz), 7.39 (1H, dd, 1=7.2, 2.5 Hz), 7.73-7.79 (11,
m), 8.02 (1H, d, J=5.0 Hz), 8.19 (1H, dd, J=8.2, 2.0 Hz), 8.37
(1H, dd, J=8.2, 0.8 Hz), 8.50 (1H, s), 8.54 (1H, d, J=5.0 Hz),
8.88 (1M, dd, J=2.0, 0.8 Hz), 9.70 (1H, 5), 10.72 (11, ).

Step 10

[0200] Compound (11)(64.3 mg) was dissolved in formic
acid (0.5 ml) and stirred at room temperature for 14 hours. To
the reaction solution were subsequently added a 2M aqueous
sodium hydroxide solution (6.49 ml), an aqueous saturated
sodium hydrogen carbonate solution and ethyl acetate. The
organic layer was washed with brine, dried over sodium sul-
fate and the solvent was evaporated under reduced pressure.
The residue was purified by chromatography, solidified in
methanol, ethyl acetate and n-hexane and filtered to afford
Compound (12)(26.5 mg).

[0201] 'H-NMR (MeOD) &: 1.75 (3H, s), 3.13 (11, d,
J=16.2Hz),3.62 (11, d, ]=16.2 Hz), 7.08 (1H, dd, ]=11.9, 8.9
Hz), 7.64-7.70 (2H, m), 7.77 (11, dd, ]=7.4, 2.8 Hz), 8.34
(1M, dd, I=8.1, 1.0 Hz), 8.42 (1M, dd, J=8.1, 2.0 Hz), 8.46
(1H, s), 8.50 (1M, d, J=5.1 Hz), 9.04 (1, d, J=1.5 Hz).

[0202] The following compounds are prepared in a similar
manner to the above.
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Compound

No.

Structure

NMR (solvent: shift value ascending order)

MS  LCMS
[M+1] RT

I-1

N

\\Ck’(
H
N

F

N

X
Z N
\|
0
Z N
\|
F 0
c1/N
\|
0
I
Y
0
Z N
\|
0

pdan)

o

s

1H-NMR (DMSO-d6) &: 1.47 (3H, 5), 3.22
(1H,d, T = 15.2 Hz), 6.33 (2H, brs), 7.12
(1H,dd, T = 11.9, 8.9 Hz), 7.31 (1H, dd, T =
NH;7.6,5.1 Hz), 7.67-7.71 (1H, m), 7.97-8.05
(2H, brm), 8.26 (1H, d, T = 8.1 Hz), 8.45
(1H, dd, T = 4.6, 1.5 Hz), 8.57 (1H, dd, T =
8.1,2.0 Hz), 9.18-9.19 (1H, m), 10.69 (1H, s).

1H-NMR (MeOD) &: 1.74 (3H, s), 3.17
(1H,d,T =162 Hz),3.61 (1H,d, J = 16.2 Hz),
7.05 (1H, dd, T = 12.2, 8.6 Hz), 7.33

(1H,d, T =5.1 Hz), 7.61-7.65 (1H, m), 7.69
(1H, dd, T = 7.6, 2.5 Hz), 7.76-7.82 (1H, m),
8.48 (1H,d,J=5.1 Hz), 8.51 (1H,d,T =

2.5 Hz), 8.87 (1H, s).

1H-NMR (MeOD) &: 1.74 (3H, s), 3.17
(1H,d,T =162 Hz), 3.61 (1H,d, J = 16.2 Hz),
7.06 (1H, dd, T = 12.2, 8.6 Hz), 7.33

(1H,d, T =5.1 Hz), 7.62-7.66 (1H, m), 7.74
(1H, dd, T = 7.4, 2.8 Hz), 8.07 (11, dd, T =
8.6,2.5 Hz), 8.19 (11, d, T = 9.1 Hz), 8.48
(1H,d, T =5.1 Hz), 8.70 (1H, d, T = 2.0 Hz),
8.87 (1M, 5).

1H-NMR (MeOD) &: 1.75 (3H, 5), 3.27
(1H,d,T =15.7 Hz), 3.63 (1H, d, T = 15.7 Hz),
7.08 (1H, dd, J = 12.2, 8.6 Hz), 7.39

NH: (1H, dd, T = 7.6, 5.1 Hz), 7.67 (1H, d, T =
7.6 Hz), 7.72-7.78 (2H, m), 8.34 (1H, d, T =
8.1 Hz), 8.41-8.47 (2H, m), 9.04-9.05 (1H,
m).

1H-NMR (MeOD) &: 1.75 (3H, 5), 3.13
(1H,d,T =162 Hz), 3.62 (1H, d, T = 16.2 Hz),
7.08 (1H, dd, T = 11.9, 8.9 Hz), 7.64-

NH; 7.70 (2H, m), 7.77 (1H, dd, T = 7.4, 2.8 Hz),
8.34 (1H, dd, T = 8.1, 1.0 Hz), 842 (1H, dd,
T=8.1,2.0 Hz), 8.46 (1H, s), 8.50 (1H, d,
J=5.1Hz),9.04 (1H, d, T = 1.5 Hz).

401 1.15

412 1.14

410 1.24

401 1.2

401 1.14
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TABLE 1-continued

Compound MS LC/MS
No. Structure NMR (solvent: shift value ascending order) M+1] RT
1-6 1H-NMR (CD30D) &: 1.72 (3H, s). 3.10 419 0.99

(1H,d, T =16.1 Hz), 3.60 (1H,d, T = 16.1 Hz),
7.08 (1H, dd, T = 11.8, 8.8 Hz), 7.66-

NH, 7.71 (1H, m), 7.80 (1H, dd, T = 7.4, 2.7 Hz),
8.33-8.36 (2H, m), 8.41-8.44 (2H, m), 9.04-
9.05 (1H, m).

TABLE 2

Compound NMR (solvent: shift value ascending MS LC/MS
No. Structure order) M+1] RT

-7 1H-NMR (MeOD) &: 1.77 (3H, 5), 3.26 419 1.09
(1H,d,T =162 Hz),3.74 (1H, d, T = 16.2 Hz),
7.08 (1H, dd, T = 11.9, 8.9 Hz), 7.63-
7.67 (1€, m), 7.76 (1H, dd, T = 7.6, 2.5 Hz),
7.99 (1H, dd, T =9.1, 2.5 Hz), 8.34 (1H, dd,
NI J = 8.1, 1.0 Hz), 8.41-8.44 (2H, m), 9.04-
9.05 (1H, m).

1H-NMR (DMSO-d6) &: 1.44 (3H, 5), 3.09 401 1.08
(1H,d, T =15.2 Hz), 3.18 (1H, d, T = 15.2 Hz),
6.36 (2H,s), 7.11 (1H, dd, T = 11.9, 8.9 Hz),
NH, 7.29 (1H, d, T = 4.6 Hz), 7.68-7.71
(1H, m), 7.98-7.99 (1H, m), 8.26 (1H,d, T =
8.1 Hz), 8.47 (11, d, T = 4.6 Hz), 8.57 (14,
dd, T=8.1, 2.0 Hz), 8.82 (1H, s), 9.19 (1H,
d, T =2.0 Hz), 10.69 (11, s).

1H-NMR (MeOD) &: 1.75 (3H, 5), 3.02 419 1.17
(1H,d,T =162 Hz),3.78 (1H, d, T = 16.2 Hz),
7.08 (1H, dd, T = 11.7, 8.6 Hz), 7.64-
NI, 7.68 (1H, m), 7.78 (1H, dd, T = 7.4, 2.8 Hz),
8.33 (1H, dd, 7 =8.1, 1.0 Hz), 8.41 (1H, dd,
7=8.1,2.0 Hz), 8.45 (11, 5), 8.74 (111, 5),
9.03-9.04 (1H, m).

1H-NMR (MeOD) &: 1.74 (3L, ), 3.01 419 1.17
(1H,d, T =162 Hz), 3.66 (1H, d, T = 16.2 Hz),
7.09 (1H, dd, T = 11.9, 8.9 Hz), 7.60
NHz (111, d, 7= 5.1 Hz), 7.64-7.67 (1H, m), 7.78
(1H,dd, J= 7.4, 2.8 Hz), 8.13 (1H,d, T =
5.1 Hz), 8.34 (1H, dd, T = 8.1, 1.0 Hz), 8.41
(1H, dd, T = 8.1, 2.0 Hz), 9.03-9.04 (1H, m).
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TABLE 2-continued

Compound NMR (solvent: shift value ascending MS LC/MS
No. Structure order) M+1] RT
I-11 410 1.23

Cl
/ N
=
e}
I-12 412 1.01
F
A
x
F ¢}
TABLE 3

Compound NMR (solvent: shift MS LC/MS
No. Structure value ascending order) [M +1] RT
I-13 444 1.36

F
F.
Z N
! |
x
¢}
I-14 407 1.08
O
~ %\N
N\)W
¢}
I-15 391 0.97

NH,

s
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TABLE 3-continued

Compound NMR (solvent: shift MS LC/MS

No. Structure value ascending order) [M +1] RT

I-16 445 1.34

I-17 428 1.37

I-18 430 1.18

TABLE 4
Compound NMR (solvent: shift value ascending MS LC/MS

No. Structure order) M+1] RT
1-19 462 147
1-20 425 1.23
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TABLE 4-continued

Compound NMR (solvent: shift value ascending MS LC/MS
No. Structure order) M+1] RT
1-21 409 1.1
1-22 463 146

1-23 444 1.36
TABLE 5
Com- MS LC/
pound NMR M+ MS
No. Structure (solvent: shift value ascending order) 1] RT
1-24 407 1.11
391 0.98

1-25




US 2013/0217705 Al Aug. 22,2013
32

TABLE 5-continued

Com- MS Lc/

pound NMR M+ MS
0. tructure solvent: shift value ascending order

N S (sol hift val ding order) 1] RT

1-26

1-27 I[1-NMR (MeOD) &: 1.70 (3H, s), 2.02 (3H, 337 0.87
$),3.08 (1H,d, T = 15.7 Hz), 3.56 (11, d, T =

15.7 Hz), 6.97 (1H, dd, T = 11.9, 8.9 Hz),

7.38-7.40 (1H, m), 7.46 (1H, dd, T = 7.4,

2.8 Hz), 7.66 (11, d, T = 5.1 Hz), 8.41 (1H,

s),8.49 (1H,d, T = 5.1 Hz).

1-28 '[1-NMR (MeOD) &: 1.72 (3H, ), 3.10 (1H, 367 0.82
d, 7=15.7 Hz), 3.44 (3, 5), 3.58 (1L, d,

1=15.7 Hz), 4.30 (2H, 5), 6.99 (1H, dd, J =

11.9, 8.9 Hz), 7.41-7.45 (1H, m), 7.50 (1H,

dd,7=7.1,2.5 Hz), 7.67 (11, d, T = 5.1 Hz),

8.43 (1H,s), 8.51 (10, d, T = 5.1 Hz).

1-29 I[1-NMR (MeOD) &: 1.07 (3H, t, ] = 7.4 Hz), 365 1.07
1.60-1.69 (2H, m), 1.71 (3H, s), 2.38

(21, t, J= 7.1 Hz), 3.08 (1H, d, T = 15.7 Hz),

3.56 (1H, d, T = 15.7 Hz), 6.97 (1H, dd,

1=11.9,8.9 Hz), 7.39-7.43 (1H, m), 7.47

(1H, dd, T = 7.1, 2.5 Hz), 7.67 (1H, d, T =

5.1 Hz), 8.42 (11, 5), 8.50 (11, d, T = 5.1 Hz).

TABLE 6

Compound NMR (solvent: shift value ascending MS LC/MS
No. Structure order) M+1] RT

1-30 I[1-NMR (MeOD) &: 1.74 (3H, 5), 3.11 (1H, 399 1.19
d, 7=15.7 Hz), 3.60 (1H, d, T = 15.7 Hz),

7.02 (1H, dd, T = 11.9, 8.9 Hz), 7.44-7.56

(5H, m), 7.63-7.65 (2H, m), 7.69 (11, d, T =

5.1 Hz), 8.45 (111, 5), 8.52 (1M, d, T = 5.1 Hz).
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TABLE 6-continued

Compound
No. Structure

NMR (solvent: shift value ascending MS LC/MS
order) M+1] RT

I-31

1-32

A
Y
Y

F

. X
(@]
K
(@]
. X
(@]
\(%
(@]

{1-NMR (MeOD) &: 0.82-0.86 (2H, m), 363 0.95
0.94-0.99 (2H, m), 1.42-1.48 (1H, m), 1.68

(3H, 5), 3.05 (1H, d, T = 15.7 Hz), 3.54 (1H,

d, 7=15.7 Hz), 6.94 (1, dd, T = 11.7, 8.6 Hz),

7.35-7.39 (1H,m), 743 (1H, dd, T = 7.4,

2.8 Hz), 7.64 (11, d, T = 5.1 Hz), 8.39

(11, 5), 8.47 (1, d, T = 5.1 Hz).

'[1-NMR (MeOD) &: 0.95 (3H, t, T = 7.1 Hz), 379 1.19
1.43-1.52 (2H, m), 1.55-1.62 (2H, m),

1.69 (31, 5), 2.39 (21, t, T = 7.1 Hz), 3.06

(11, d, T =15.7 Hz), 3.54 (11, d, T = 15.7 Hz),

6.95 (1H, dd, T = 12.2, 8.6 Hz), 7.37-

7.40 (1H, m), 745 (1H, dd, T = 7.6, 2.5 Hz),

7.64 (1H, d, T = 5.1 Hz), 8.40 (11, 5), 8.47

(1H,d,T=5.1 Hz).

I[1-NMR (MeOD) &: 1.21 (3H, t, T = 7.6 Hz), 351 0.9
1.69 (31, s), 2.39 (2H, q, T = 7.6 Hz),

3.06 (1H,d, T =15.7 Hz), 3.54 (11, d, T =

15.7 Hz), 6.95 (1H, dd, T = 11.9, 8.9 Hz),

7.37-7.41 (1H,m), 745 (1H, dd, T = 7.6,

2.5 Hz), 7.64 (11, d, T = 5.1 Hz), 8.39 (1H,

s),8.47 (1H,d, T = 5.1 Hz).

'[1-NMR (MeOD) &: 1.75 (3H, 5), 2.01 (3H, 355 0.93
§),3.03 (1H,d,7 = 16.7 Hz), 3.79 (1L, d,

1=16.7 Hz), 7.00 (1H, dd, T = 12.2, 8.6 Hz),

7.34-7.38 (1H,m), 7.52 (1H, dd, T = 7.6,

2.5 Hz), 8.49 (11, 5), 8.76 (111, 5).

[0203] Test Examples of compounds of the present inven-
tion are described below.

(Test Example 1: Assay of BACE] Inhibitory Activity)

[0204] 48.5 ul. of substrate peptide solution (Biotin-
XSEVNLDAEFRHDSGC-Eu: X=€e-amino-n-capronic acid,
Eu=Europium cryptate) was added to each well of 96-hole
half-area plate (ablack plate: Costar), and after addition of 0.5
ul of the compound of the present invention (N,N'-dimethyl-
formamide solution) and 1 pul of Recombinant human BACE1
(R&D Systems), the reaction mixture was incubated at 30° C.
for 3 hours. The substrate peptide was synthesized by reacting
Cryptate TBPCOOH mono SMP (CIS bio international) with
Biotin-XSEVNLDAEFRHDSGC (Peptide Institute, Inc.).
The final concentrations of the substrate peptide and Recom-
binant human BACE] were adjusted to 18 nmol/LL and 7.4
nmol/L, respectively, and the reaction was performed in

sodium acetate buffer (50 mmol/L. sodium acetate, pH 5.0,
0.008% Triton X-100). After the incubation for reaction, 50 ul
of'8.0 pg/ml Streptavidin-X1.665 (CIS bio international) dis-
solved in phosphate buffer (150 mmol/l. K,HPO,—
KH2PO,, pH 7.0, 0.008% Triton X-100, 0.8 mol/L, KF) was
added to each well and left stand at 30° C. for 1 hour. After
then, fluorescence intensity was measured (excitation wave-
length: 320 nm, measuring wavelength: 620 nm and 665 nm)
using Wallac 1420 multilabel counter (Perkin Elmer life sci-
ences). Enzymatic activity was determined from counting
ratio of each wavelength (10,000xCount 665/Count 620) and
50% inhibitory concentration against the enzymatic activity
(ICs,) was calculated.

[0205] Compound I-1: ICy, 0.054 pmol/L
[0206] Compound I-27: IC,, 0.308 umol/L
[0207] Compound I-30: IC,, 0.147 umol/L,
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Compounds -2 to 26, 33 and 34 showed the ICs,, values of 1
umol/L or less and Compounds 1-28, 29, 31 and 32 showed 3
pmol/L or less.

Test Example 2

Measurement of f-Amyloid (Af) Production
Inhibiting Effect in Cell

[0208] Neuroblastoma SH-SYSY cells (SH/APPwt) with
human wild-type 13-APP excessively expressed therein were
prepared at 8x10° cells/mL, and 150 ul portions thereof were
inoculated into each well of a 96-well culture plate (Falcon).
The cells were cultured for 2 hours at 37° C. in a 5% gaseous
carbon dioxide incubator. Then, a solution which have been
preliminarily prepared by adding and suspending the com-
pound of the present invention (DMSO (dimethyl sulfoxide)
solution) so as to be 2 ul/50 pl medium was added to the cell
sap. Namely, the final DMSO concentration was 1%, and the
amount of the cell culture was 200 pl. After the incubation
was performed for 24 hours from the addition of the test
compound, 100 pl of the culture supernatant was collected
from each fraction. The amount of the A in each fraction was
measured.

[0209] The AP amount was measured as follows. 10 ul of a
homogeneous time resolved fluorescence (HTRF) measure-
ment reagent (Amyloid $1-40 peptide; IBA Molecular Hold-
ing, S.A.) and 10 pl of the culture supernatant were put into a
384-well half area microplate (black microplate, Costar) and
mixed with each other, and then left standing overnight at 4°
C. while the light was shielded. Then, the fluorescence inten-
sity (excitation wavelength: 337 nm, measurement wave-
length: 620 nm and 665 nm) was measured with Wallac 1420
multilabel counter (Perkin Elmer life sciences). The A6
amount was determined from the count rate at each measure-
ment wavelength (10000xCount 665/Count 620), and the
amount needed to inhibit A6 production by 50% (IC,,) was
calculated from at least six different dosages.

[0210] Compound I-7: IC,, 0.002 umol/L

[0211] Compound I-30: IC,, 0.046 pmol/L

[0212] Compound I-34: IC,, 0.020 umol/L

[0213] Compounds I-1 to 6, 8 to 21, 23 to 27 and 29 to 34

showed the IC, value of 1 umol/L orless and Compound I-28
showed 3 umol/L or less.

Test Example 3

Lowering Effect on Brain § Amyloid in Rats

[0214] Compound of the present invention is suspended in
0.5% methylcellulose, the final concentration is adjusted to 2
mg/ml, and this is orally administered to male Crj:SD rat (7
to 9 weeks old) at 10 mg/kg. In a vehicle control group, only
0.5% methylcellulose is administered, and an administration
test is performed at 3 to 8 animals per group. A brain is
isolated 3 hours after administration, a cerebral hemisphere is
isolated, a weight thereof is measured, the hemisphere is
rapidly frozen in liquid nitrogen, and stored at —80° C. until
extraction date. The frozen cerebral hemisphere is transferred
to a homogenizer manufactured by Teflon (registered trade
mark) under ice cooling, a 5-fold volume of a weight of an
extraction buffer (containing 1% CHAPS ({3-[(3-chloroami-
dopropyl)dimethylammonio]-1-propanesulfonate}), 20
mmol/LL Tris-HCI (pH 8.0), 150 mmol/I. NaCl, Complete
(Roche) protease inhibitor) is added, up and down movement
is repeated, and this is homogenized to solubilize for 2 min-
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utes. The suspension is transferred to a centrifugation tube,
allowed to stand on an ice for 3 hours or more and, thereafter
centrifuged at 100,000xg, 4° C. for 20 minutes. After cen-
trifugation, the supernatant is transferred to an ELISA plate
(product No. 294-62501, Wako Junyaku Kogyo) for measur-
ing p amyloid 40. ELISA measurement is performed accord-
ing to the attached instruction. The lowering effect is calcu-
lated as a ratio compared to the brain f§ amyloid 40 level of
vehicle control group of each test.

Test Example 4

CYP3A4 Fluorescent MBI Test

[0215] The CYP3A4 fluorescent MBI test is a test of inves-
tigating enhancement of CYP3A4 inhibition of the com-
pound of the present invention by a metabolism reaction.
7-benzyloxytrifluoromethylcoumarin (7-BFC) is debenzy-
lated by the CYP3 A4 enzyme (enzyme expressed in Escheri-
chia coli) and a metabolite, 7-hydroxytrifluoromethylcou-
marin (7-HFC) which emits fluorescent light is produced. The
test is performed using 7-HFC production reaction as an
index.

[0216] The reaction conditions are as follows: substrate,
5.6 umol/L, 7-BFC: pre-reaction time, 0 or 30 minutes; reac-
tion time, 15 minutes; reaction temperature, 25° C. (room
temperature); CYP3A4 content (expressed in Escherichia
coli), at pre-reaction 62.5 umol/ml, atreaction 6.25 pmol/mL
(at 10-fold dilution); concentration of the compound of the
present invention, 0.625, 1.25, 2.5, 5, 10, 20 umol/LL (six
points).

[0217] An enzyme in a K-Pi buffer (pH 7.4) and the com-
pound of the present invention solution as a pre-reaction
solution were added to a 96-well plate at the composition of
the pre-reaction, a part of it was transferred to another 96-well
plate so that it was 1/10 diluted by a substrate in a K-Pi buffer,
NADPH as a co-factor was added to initiate a reaction as an
index (without preincubation) and, after a predetermined time
of a reaction, acetonitrile/0.5 mol/LL Tris (trishydroxyami-
nomethane)=4/1 was added to stop the reaction. NADPH was
added to a remaining preincubation solution to initiate a pre-
incubation (with preincubation) and, after a predetermined
time of a preincubation, a part was transferred to another plate
so that it was 1/10 diluted with a substrate and a K-Pi buffer to
initiate a reaction as an index. After a predetermined time of
a reaction, acetonitrile/0.5 mol/l. Tris (trishydroxyami-
nomethane)=4/1 was added to stop the reaction. For the plate
on which each index reaction had been performed, a fluores-
centvalue of 7-HFC which is a metabolite was measured with
a fluorescent plate reader. (Ex=420 nm, Em=>535 nm).
[0218] Addition of only DMSO which is a solvent dissolv-
ing the compound of the present invention to a reaction sys-
tem was adopted as a control (100%), remaining activity (%)
was calculated at each concentration of the compound of the
present invention added as the solution, and IC,, was calcu-
lated by reverse-presumption by a logistic model using a
concentration and an inhibition rate. When a difference
between ICs,, values is 5 pM or more, this was defined as (+)
and, when the difference is 3 uM or less, this was defined as

EO%.19] Compound I-1: (-)
Test Example 5
CYP Inhibition Test
[0220] Using commercially available pooled human

hepatic microsome, and employing, as markers, 7-ethoxyre-
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sorufin O-deethylation (CYP1A2), tolbutamide methyl-hy-
droxylation (CYP2C9), mephenyloin 4'-hydroxylation
(CYP2C19), dextromethorphan O-demethylation
(CYP2D6), and terfenedine hydroxylation (CYP3A4) as
typical substrate metabolism reactions of human main five
CYP enzyme forms (CYP1A2, 2C9, 2C19, 2D6, 3A4), an
inhibitory degree of each metabolite production amount by a
compound of the present invention was assessed.

[0221] The reaction conditions were as follows: substrate,
0.5 umol/L ethoxyresorufin (CYP1A2), 100 umol/L tolbuta-
mide (CYP2C9), 50 umol/L. S-mephenyloin (CYP2C19), 5
umol/L, dextromethorphan (CYP2D6), 1 umol/L terfenedine
(CYP3A4); reaction time, 15 minutes; reaction temperature,
37° C.; enzyme, pooled human hepatic microsome 0.2 mg
protein/ml; concentration of the compound of the present
invention, 1, 5, 10, 20 umol/L. (four points).

[0222] Each five kinds of substrates, human hepatic
microsome, and a compound of the present invention in 50
mmol/IL Hepes buffer as a reaction solution was added to a
96-well plate at the composition as described above,
NADPH, as a cofactor was added to initiate metabolism reac-
tions as markers and, after the incubation at 37° C. for 15
minutes, a methanol/acetonitrile=1/1 (v/v) solution was
added to stop the reaction. After the centrifugation at 3000
rpm for 15 minutes, resorufin (CYP1A2 metabolite) in the
supernatant was quantified by a multi-label counter and
hydroxytolbutamide (CYP2C9 metabolite), 4'-hydroxyme-
phenyloin (CYP2C19 metabolite), dextrorphan (CYP2D6
metabolite), and terfenadine alcohol metabolite (CYP3A4
metabolite) were quantified by LC/MS/MS.

[0223] Addition of only DMSO being a solvent dissolving
a compound to a reaction system was adopted as a control
(100%), remaining activity (%) was calculated and ICs, was
calculated by reverse presumption by a logistic model using a
concentration and an inhibition rate.

[0224] Compound I-2: five kinds >20 uM
Test Example 6
Fluctuation Ames Test
[0225] Each 20 pL of freeze-stored Salmonella typhimu-

rium (TA98 and TA100 strain) is inoculated in 10 mL of liquid
nutrient medium (2.5% Oxoid nutrient broth No. 2), and the
cultures are incubated at 37° C. under shaking for 10 hours. 9
ml of TA9S8 culture is centrifuged (2000xg, 10 minutes) to
remove medium, and the bacteria is suspended in 9 mL of
Micro F buffer (K,HPO,: 3.5 g/L., KH2PO,: 1 g/, (NH,)
550, 1 g/L, trisodium citrate dihydrate: 0.25 g/L., MgSO,,.
7H,0:0.1 g/L), and the suspension is added to 110 mL of
Exposure medium (Micro F buffer containing Biotin: 8
pg/mL, histidine: 0.2 pg/mL., glucose: 8 mg/mL.). 3.16 mL of
TA100 culture is added to 120 mL of Exposure medium to
prepare the test bacterial solution. 588 pl, of the test bacterial
solution (or mixed solution of 498 ul of the test bacterial
solution and 90 pL. of the S9 mix in the case with metabolic
activation system) are mixed with each 12 plL of the following
solution: DMSO solution of the compound of the present
invention (several stage dilution from maximum dose 50
mg/mL at 2 to 3-fold ratio); DMSO as negative control; 50
ng/mL of 4-nitroquinoline-1-oxide DMSO solution as posi-
tive control for TA98 without metabolic activation system;
0.25 pg/ml of 2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide
DMSO solution as positive control for TA100 without meta-
bolic activation system; 40 pg/ml. of 2-aminoanthracene
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DMSO solution as positive control for TA98 with metabolic
activation system; or 20 pg/ml of 2-aminoanthracene DMSO
solution as positive control for TA100 with metabolic activa-
tion system. A mixed solution is incubated at 37° C. under
shaking for 90 minutes. 460 pl. of the bacterial solution
exposed to the compound of the present invention is mixed
with 2300 ulL of Indicator medium (Micro F buffer containing
biotin: 8 ug/ml., histidine: 0.2 pg/ml., glucose: 8 mg/mlL,,
Bromo Cresol Purple: 37.5 pg/mL), each 50 uL is dispensed
into 48 wells/dose in the microwell plates, and is subjected to
stationary cultivation at 37° C. for 3 days. A well containing
the bacteria, which has obtained the ability of proliferation by
mutation in the gene coding amino acid (histidine) syn-
thetase, turns the color from purple to yellow due to pH
change. The number of the yellow wells among the 48 total
wells per dose is counted, and evaluate the mutagenicity by
comparing with the negative control group. (=) means that
mutagenicity is negative and (+) means positive.

Test Example 7

Solubility Test

[0226] A 2-fold dilution series (12 points) of a 10 mM
solution of a compound of the present invention in DMSO
was added to a medium (JP-1, JP-II) (2%), and solubility was
assessed by 3 stages (High; >40 uM, Medium; 3-40 uM, Low;
<3 uM) from a turbidity after 4 hours.

[0227] Compound I-9: High (JP-1, JP-1I)
Test Example 7-2
Solubility Test
[0228] The solubility of each compound is determined

under 1% DMSO addition conditions. A 10 mmol/L solution
of the compound is prepared with DMSO, and 6 ulL of the
compound of the present invention solution is added to 594
pL of an artificial intestinal juice (water and 118 mL of 0.2
mol/l. NaOH reagent are added to 250 mlL of 0.2 mol/L
potassium dihydrogen phosphate reagent to reach 1000 mL.)
with a pH of 6.8. The mixture is left standing for 16 hours at
25° C., and the mixture is vacuum-filtered. The filtrate is
two-fold diluted with methanol/water=1/1 (v/v), and the
compound concentration in the filtrate is measured with
HPLC or LC/MS/MS by the absolute calibration method.

Test Example 8

Metabolism Stability Test

[0229] Using a commercially available pooled human
hepatic microsomes, a compound of the present invention is
reacted for a constant time, a remaining rate is calculated by
comparing a reacted sample and an unreacted sample,
thereby, a degree of metabolism in liver of the compound of
the present invention is assessed.

[0230] A reaction is performed (oxidative reaction) at 37°
C. for 0 minute or 30 minutes in the presence of 1 mmol/LL
NADPH in 0.2 mL of a buffer (50 mmol/L Tris-HC1 pH 7.4,
150 mmol/IL potassium chloride, 10 mmol/[. magnesium
chloride) containing 0.5 mg protein/ml. of human liver
microsomes. After the reaction, 50 L. of the reaction solution
is added to 100 pl. of a methanol/acetonitrile=1/1 (v/v),
mixed and centrifuged at 3000 rpm for 15 minutes. The com-
pound of the present invention in the supernatant is quantified
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by LC/MS/MS, and a remaining amount of the compound of
the present invention after the reaction is calculated, letting a
compound amount at 0 minute reaction time to be 100%.

[0231] Compound I-5: 88%
Test Example 9
hERG Test
[0232] For the purpose of assessing risk of an electrocar-

diogram QT interval prolongation, effects on delayed rectifier
K™ current (I,), which plays an important role in the ven-
tricular repolarization process, of the compound of the
present invention was studied using HEK293 cells expressing
human ether-a-go-go related gene (hERG) channel.

[0233] A cell was retained at a membrane potential of —80
mV by whole cell patch clamp method using an automated
patch clamp system (PatchXpress 7000A, Axon Instruments
Inc.) and leakage potential at -50 mV was generated. I,
induced by depolarization pulse stimulation at +40 mV for 2
seconds and, further, repolarization pulse stimulation at -50
mV for 2 seconds is recorded. After the generated current is
stabilized, extracellular solution (NaCl: 135 mmol/L, KCl:
5.4 mmol/L, NaH2PO,: 0.3 mmol/L, CaCl,.2H,0:1.8 mmol/
L, MgCl,.6H,O: 1 mmol/L, glucose: 10 mmol/L., HEPES
(4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid): 10
mmol/L,, pH=7.4) in which the compound of the present
invention have been dissolved at an objective concentration is
applied to the cell under the room temperature condition for
10 minutes. From the recording I, an absolute value of the
tail peak current is measured based on the current value at the
resting membrane potential using an analysis software
(DataXpress ver. 1, Molecular Devices Corporation). Further,
the % inhibition relative to the tail peak current before appli-
cation of the compound of the present invention is calculated,
and compared with the vehicle-applied group (0.1% dimethyl
sulfoxide solution) to assess influence of the compound of the
present invention on I.,.

Test Example 10

Powder Solubility Test

[0234] Appropriate amounts of the compound of the
present invention are put into appropriate containers. To the
respective containers are added 200 pL. of JP-1 fluid (sodium
chloride 2.0 g, hydrochloric acid 7.0 mL and water to reach
1000 mL.0), 200 pul, of JP-2 fluid (500 mL of water is added to
50 mL of phosphate buffer (pH 6.8)), and 200 ul. of 20
mmol/LL sodium taurocholate (TCA)/JP-2 fluid (TCA 1.08 g
and water to reach 100 mL). In the case that the compound of
the present invention is dissolved after the addition of the test
fluid, the compound of the present invention is added as
appropriate. The containers are sealed, and shaken for 1 hour
at37° C. The mixtures are filtered, and 100 pL. of methanol is
added to each of the filtrate (100 pL) so that the filtrates are
two-fold diluted. The dilution ratio may be changed if neces-
sary. The dilutions are observed for bubbles and precipitates,
and then the containers are sealed and shaken. Quantification
is performed by HPL.C with an absolute calibration method.
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Test Example 11

BA Test

[0235]
tion
(1) Animal: mouse or SD rat

(2) Breeding conditions: mouse or SD rat is allowed to freely
take solid feed and sterilized tap water.

(3) Dose and grouping: orally or intravenously administered
at a predetermined dose; grouping is as follows (Dose
depends on the compound)

Oral administration: 1 to 30 mg/kg (n=2 to 3)

Intravenous administration: 0.5 to 10 mg/kg (n=2 to 3)

(4) Preparation of dosing solution: for oral administration, in
a solution or a suspension state; for intravenous administra-
tion, in a solubilized state

(5) Administration method: in oral administration, forcedly
administer into ventriculus with oral probe; in intravenous
administration, administer from caudal vein with a needle-
equipped syringe

(6) Evaluation items: blood is collected over time, and the
plasma concentration of the compound of the present inven-
tion is measured by LC/MS/MS

(7) Statistical analysis: regarding the transition of the plasma
concentration of the compound of the present invention, the
area under the plasma concentration-time curve (AUC) is
calculated by non-linear least squares program WinNonlin
(Registered trademark), and the bioavailability (BA) of the
compound of the present invention is calculated from the
AUCs of the oral administration group and intravenous
administration group

Materials and methods for studies on oral absorp-

Test Example 12

Brain Distribution Studies

[0236] Compound of the present invention is intravenously
administered to a rat at 0.5 mg/ml./kg dosage. 30 Minutes
later, all blood is drawn from vena cava inferior under isof-
lurane anesthesia for death from exsanguination.

[0237] The brain is enucleated and 20-25% of homogenate
thereof is prepared with distilled water.

[0238] The obtained blood is used as plasma after centri-
fuging. To the brain sample is added the control plasma at 1:1.
To the plasma samples is added the control brains at 1:1. Each
sample is measured using LC/MS/MS. The obtained area
ratio (a brain/plasma) is used for the brain Kp value.

Test Example 13

Ames Test

[0239] Ames test is performed by using Salmonellas (Sal-
monella typhimurium) TA 98, TA100, TA1535 and TA1537
and Escherichia coli WP2uvrA as test strains with or without
metabolic activation in the pre-incubation method to check
the presence or absence of gene mutagenicity of compounds
of the present invention.

Test Example 14

P-gp Substrate Test

[0240] Compound of the present invention is added in one
side of the trans well wherein human MDR1 expressing cells
or parent cells are monolayer cultivated, and reacted for a
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predetermined period of times. Efflux Ratio (ER; ratio of
membrane permeability coefficients of the direction from
Basolateral side to Apical side (B to A) and the direction from
Apical side to Basolateral side (A to B)) of MDR1 expressing
cells and parent cells is calculated from the membrane per-
meability coefficients of A to B and of B to A. The compound
of the present invention is investigated whether a P-gp sub-
strate or not by comparing ER values of MDR1 expressing
cells and parent cells.

Formulation Examples

[0241] The following Formulation Examples are only
exemplified and not intended to limit the scope of the present
invention.

Formulation Example 1

Tablets
[0242]
Compound of the present invention 15 mg
Lactose 15 mg
Calcium stearate 3mg
[0243] All of the above ingredients except for calcium

stearate are uniformly mixed. Then the mixture is crushed,
granulated and dried to obtain a suitable size of granules.
Then, calcium stearate is added to the granules. Finally,
tableting is performed under a compression force.

Formulation Example 2

Capsules
[0244]
Compound of the present invention 10 mg
Magnesium stearate 10 mg
Lactose 80 mg
[0245] The above ingredients are mixed uniformly to

obtain powders or fine granules, and then the obtained mix-
ture is filled in capsules.

Formulation Example 3 Granules

[0246]
Compound of the present invention 30g
Lactose 265¢g
Magnesium stearate 5g

[0247] Afterthe above ingredients are mixed uniformly, the

mixture is compressed.

[0248] The compressed matters are crushed, granulated
and sieved to obtain suitable size of granules.
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INDUSTRIAL APPLICABILITY

[0249] The compound of the present invention can be a
useful medicament for diseases induced by production, secre-
tion and/or deposition of amyloid §§ proteins.

1. A compound of the formula (I):

[Chemical Formula 1]
@

NRZaRZb

wherein ring Z is substituted or unsubstituted pyridine or a
substituted or unsubstituted carbocycle,

ring A is a substituted or unsubstituted carbocycle or a
substituted or unsubstituted heterocycle,

provided that when ring Z is a substituted or unsubstituted
carbocycle, then ring A is

[Chemical Formula 2]

O
A
A
RS

RS
oW
.\LI/N\"/L\.&
O or
Ll L2
Ny
I
RS

wherein ring A' and ring B are each independently a sub-
stituted or unsubstituted carbocycle or a substituted or
unsubstituted heterocycle,

L' and L? are each independently a bond, substituted or
unsubstituted alkylene, substituted or unsubstituted alk-
enylene or substituted or unsubstituted alkynylene, and

R® is hydrogen, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl or substituted or unsubstituted acyl,

R! is substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alky-
nyl, substituted or unsubstituted acyl, cyano, carboxy,
substituted or unsubstituted alkoxycarbonyl, substituted
or unsubstituted alkenyloxycarbonyl, substituted or
unsubstituted  alkynyloxycarbonyl, substituted or
unsubstituted carbamoyl, substituted or unsubstituted
thiocarbamoyl, substituted or unsubstituted carbocyclyl
or substituted or unsubstituted heterocyclyl,

R>“ and R® are each independently hydrogen, substituted
or unsubstituted alkyl, substituted or unsubstituted acyl,
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substituted or unsubstituted alkoxycarbonyl or substi- -continued
tuted or unsubstituted carbamoyl, S

R** and R** are each independently hydrogen, halogen, J]\ AT
hydroxy, substituted or unsubstituted alkyl, substituted L! N °
or unsubstituted alkenyl, substituted or unsubstituted Il{g ,
alkynyl, substituted or unsubstituted alkoxy, substituted o
or unsubstituted alkenyloxy, substituted or unsubsti-
tuted alkynyloxy, substituted or unsubstituted alkylthio, JJ\ /LZ\.}Ii
substituted or unsubstituted alkenylthio, substituted or L! Y o
unsubstituted alkynylthio, substituted or unsubstituted ,
acyl, substituted or unsubstituted acyloxy, cyano, nitro,
carboxy, substituted or unsubstituted alkoxycarbonyl, 5
substituted or unsubstituted alkenyloxycarbonyl, substi- e 0 L
tuted or unsubstituted alkynyloxycarbonyl, substituted \ﬂ/ °
or unsubstituted amino, substituted or unsubstituted car- 0 »
bamoyl, substituted or unsubstituted thiocarbamoyl, 0
substituted or unsubstituted sulfamoyl, substituted or . Jj\ 2
unsubstituted alkylsulfinyl, substituted or unsubstituted ./ ~x o °
alkenylsulfinyl, substituted or unsubstituted alkynyl- e |
sulfinyl, substituted or unsubstituted alkylsulfonyl, sub- R® ’
stituted or unsubstituted alkenylsulfonyl, substituted or O
unsubstituted alkynylsulfonyl, substituted or unsubsti- . )I\ 2
tuted carbocyclyl, substituted or unsubstituted carbocy- ’/ ~o0 N~ °
clyloxy, substituted or unsubstituted carbocyclylthio, e |
substituted or unsubstituted carbocyclylalkyl, substi- R® ’
tuted or unsubstituted carbocyclylalkoxy, substituted or G
unsubstituted carbocyclyloxycarbonyl, substituted or Ll )I\ L2
unsubstituted carbocyclylsulfinyl, substituted or unsub- ~N N~ °
stituted carbocyclylsulfonyl, substituted or unsubsti- | |
tuted heterocyclyl, substituted or unsubstituted hetero- R® R®
cyclyloxy, substituted or unsubstituted heterocyclylthio, S
substituted or unsubstituted heterocyclylalkyl, substi- . )j\ 2
tuted or unsubstituted heterocyclylalkoxy, substituted or ./ ~N N °
unsubstituted heterocyclyloxycarbonyl, substituted or e | |
unsubstituted heterocyclylsulfinyl or substituted or R® R® ’
unsubstituted heterocyclylsulfonyl, and

R** and R** together with the carbon atom to which they L, L3
are attached may form a substituted or unsubstituted \ﬂ/ °
carbocycle or a substituted or unsubstituted heterocycle, o]
its pharmaceutically acceptable salt or a solvate thereof.

2. The compound according to claim 1 wherein ring Z is L L3
substituted or unsubstituted pyridine, its pharmaceutically \ﬂ/ °
acceptable salt or a solvate thereof. S

3. The compound according to claim 1 wherein ring A is

L} L2
[Chemical Formula 3] \ﬂ/ °
e}
I
1 2
Ll N~ L{_ L
| O
RS ,

RS
I!I L2 1 >
1 L L
L T O
(@]
RS
00 RO,
|
S
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-continued

OO
or
o]
)J\ L2
TN
RS

wherein ring A' and ring B are each independently a sub-
stituted or unsubstituted carbocycle or a substituted or
unsubstituted heterocycle,

L' and L* are each independently a bond, substituted or
unsubstituted alkylene, substituted or unsubstituted alk-
enylene or substituted or unsubstituted alkynylene,

R? is hydrogen, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl or substituted or unsubstituted acyl,

R® is hydrogen, hydroxy, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl or substituted or unsubstituted
acyl, and

Ak is substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl or substituted or unsubstituted
alkynyl,

its pharmaceutically acceptable salt or a solvate thereof.

4. The compound according to claim 3 wherein ring A is

[Chemical Formula 4]

°
PN
- Ir/
Rr8

RS
‘ N 12
T
0

39
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-continued

L 12
N
RS or
L

its pharmaceutically acceptable salt or a solvate thereof.

7~
1

5. The compound according to claim 3 wherein each of L!
and L? is a bond, its pharmaceutically acceptable salt or a
solvate thereof.

6. The compound according to claim 3 wherein ring A' is
substituted or unsubstituted benzene or substituted or unsub-
stituted pyridine, and ring B is substituted or unsubstituted
pyridine, substituted or unsubstituted pyrimidine or substi-
tuted or unsubstituted pyrazine, its pharmaceutically accept-
able salt or a solvate thereof.

7. The compound according to claim 1 wherein R* is
unsubstituted alkyl having a carbon number of 1 to 3, its
pharmaceutically acceptable salt or a solvate thereof.

8. The compound according to the claim 1 wherein R** and
R?? are both hydrogen, its pharmaceutically acceptable salt or
a solvate thereof.

9. A pharmaceutical composition comprising the com-
pound according to claim 1, its pharmaceutically acceptable
salt or a solvate thereof.

10. A pharmaceutical composition having BACE1 inhibi-
tory activity comprising the compound according to claim 1,
its pharmaceutically acceptable salt or a solvate thereof.

11. A method for inhibiting BACE] activity comprising
administering the compound according to claim 1, its phar-
maceutically acceptable salt or a solvate thereof.

12. A compound according to claim 1, its pharmaceutically
acceptable salt or a solvate thereof for use in a method for
inhibiting BACE1 activity.

#* #* #* #* #*



